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AUTHOR^^ PREFACE 

When, on November 3()th, 1913, Professor Ferdinand Fiselu‘r, 
^ of Bad Homburg, requested me to write- a volume on the atmospheric^ 
nitrogenWndtistry for his series of works on chemical U'chnology, no 
one realised what was to ha]q)en during the next ftiw years, d’he 
Great War oecurrcHi and the young industry devcdojjed greatly 
under its influence. This development is reflected in the size of 
the present volume, whieh-gt‘ei\tly exceeded t-lu^t wdcich .wag anti- 
cipated. It was often very dilficult to colK'ct the material, and 1 
n^ust apf)eal to the indulgence of my readers, as the most c^nifTicting 
figures and otlua- data ar<‘ to bo found in the G(‘rman and foixMgn 
literature. In genc'ral, 1 was able to deal with tlie literature up to 
the middle of March, 1921 . 

It is my j)leasant duty to thank the ('ditor of this scu ies, Professor 
Binz, of Berlin, and the ])ublisher, Otto Spamer, of Leipzig, for the 
trouble and expense which they have devoted to this work. Se^>«r?Tl 
important autjiorities and firms’ have assisted "me in tljfiy most 
friendly^ fashion. Amongst these 1 inay mentiqri <lith an expression 
of gratitude, the* Bayrischen Stickstoffwe 4 *ke (more particularly, 
Professor N. Caro and Dr. Siebne?, l^oth •of ^erliri), Gesellschaft 
fur Lindes Eismaschinen, A.G., A])tlg. (^as-Verflussigung, of ^oll- 
riegelskreuth near Munich, Ber^in-Anhaltische^Masehinenbau, A.G., 

' of ^3erlin, Finna A.. Borsig^of Berlin-Tegel, Fr. «Krupp, A.G., of 
Essen,* Norgesal peter- Verkaufs, G.m.b.H., of Berlin, Gesellschaft 
fiir KraftiibertragiJng of Jk^liFi, l.<onzi^^-Werke, Elektrocjhcmischc 
Fabriken, G.m.b.tl., of Waldshut (Baden), Tonwerk Bicbrich, A.G., 
of Biebrteh-on-Rhine^ Aniag-Hilpert PegT^^zhutte, 'of Niirnberg, 
Steuler & Co., G.m.b.H., of C4M>lenz, Finna flein^*Koppers of Essen- 
on-Iluhr, Herren IV. O. Scfloiihcrr, of Diesden/ Professor Dr. F. 
Hausser, of Dortmund-Eving, Professor Dr. Kaiser, of Tutzing, Dr. E. 
Brauer, of^Miititz (Bez. Leipzig), Profeswor J. Moscicki, of Cracow, 
Mr. Harry Pauling, of Berlin, Mr. Siegfr. Barth, of Diisseldorf-Ober- 
kassel,*and a number of other leading firms and authorities who do 
ndt wish to be mentioned for business reasons. 
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AIM' HOB’S PREFACE 


An aHempt has beerj made tQ^nake this volurfflc a standS-rd 
work ; consequently a large jpiumber of economic data hay^ been 
incorporated which inc»y bo of interest to laiscr workers ; fo? the same 
reason a detailed survey of the literature has beeif given. 

Dll. BRUND WAESER. 



TRANSLATOR'S PREFACE 

As no English work of similar magnitudo existed dealing with the 
fixation of atmospheric nitrogen, it was thought by the trfinslator 
that an Jiln^lish edition of Waeser's book would be useful to that 
section of the i)ublic which has an interest in the subject but a 
limited knowledge of the German language. 

The field covered b}^ Dr. Waeser is very wid('. and quite a})art 
from the purely technological aspect of the industry, the book affords 
illuminating sidelights on conditions and tendencies in Germany 
before, during, and after* the Great War. 

i 

Considerabh' developments liave occurred since the original 
volume was written, and these are dealt with in the Foreword which 
Dr. J. F. Crowley has kindly contributed. 

ERNEST FYLEMAN. 

SittTON, SXTRliEY. 
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In Septomb(‘r, 181)8, Sir William Crookes delivered an epoch- 
making address before', the members of thc' British Association at 
Bristol. Thgiigh he averred later that it had not been his intc'iition* 
to create a sensation, his words — the seriously considered w^ords of a 
scientist of world-wide repute — may be said to have caused a 
“ cosmic scare.” To summarise the addrt'ss in his own words : 

“ I stated tliat under present conditions of heedless culture, 
a scarcity of wdu'at is within appreciable', distance ; that wheat- 
growing land all e)ver the world is ])ecoming exhaustc'd, and that 
at some future time - in my opinion not far rlistant — jio available 
W'heat land wall lu' h'ft. Ihit 1 also ])ointed out that Nature's 
resource's, ])re)peily utilisi'el, are ample. I urgeel that, insteaid 
of be'ing satisiieel vn ith an average yielel e)f 12’ 7 bushels j)er acre, 
a me)eleiate dre?ssing e)f e'he'inieatl manure we)uld })id[ up the^ 
avej*age/*to 20 bushe'ls — thus postponing the elay of elearth to se) 
distant a peifoel that we^ and e)ur se)ns and grandsons may 
legitimately live without uneiue' sedicitude fe)r the future.” 

The chemic'i,] manure' te) which ’Sir William (ieokes rvferjf^ was 
nitrogenpu.^ manure. It has beeui statc'el by Si/‘ -K. J. Russell that 
an aver-age of exjreiiments exteneling c^v;er sixty-eme' years at 
Kothamsteel showeel a yieiel e)f 12*0 bushels pf wheat pen- acre from 
unmanured land, that the addition e^f plft)sphates and p.:Ptash 
without nitrogene)Us manure incre'aseei the yi#id te:) 14'5 bushels, 
tlu.^ is, by 15 2 )e'r cent., that A?ith lbs. e)f mitrogen per acre 
additiem tej) pe)tash hnd •plll)S2)hates the ^de'ld iitcreased te:) 23*2 
busheds j)t'r acre, that is, by 85 per cent., anej w ith 121) lbs. e)f nitrogem 
per aci’c to 8() 0 bit!?liels, e)r by iji'arlv 200 pe'r cent. ^ 

The average' annual yield j)er acre in 1808 in dill’crent countries, 
acejoreling* to ( i e)okes, ^w as : — 

De'imiark . * . 41*8 bushe^Vi per acre. 

Ihiited Kij^gele)!!! T . 291 ,, ,, 

United iJ^ates . . .12 ,, ,, 

South Australia . .7 ,, ,, 

•• • 

The fac^ that tjie bulk e)f the^ we)rlel supplies oi wheat came from 
the United State's was responsible te)r the w<3iid aj^^erage e)f 12 7 
byshels per acre referred te) by Crookes. The higher yield in 
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European countries was largi'ly due tp the use of inorganic mantfrcv 
and in thif? connection it* is interesting to note that to increase the 
average world yield of wheat ll) 20 bushels jjer acre, the yieM (frookes 
considered (it'sirable, ^h ere would be required, on the basis of the 
yiefd given by Russell and the acreage under wheat to-day, 3,180,000 
tons'of nitrogen per annum, or approximately two-^and-a-half times 
the quantity available at the present time. 

If, then, the mere apj)li cation of a dressing of chemical manure 
would piovide the yield considered necessary by Crooke^, from what 
did his alarm, and that of his hearers and world -wide readers, arise ? 
It arose from the simple fact that at the time at which he spoke 
there was no known source from which the necessary chemical 
manure could be obtained. The only considerabki sources of fixed 
nitrogen were sodium nitrate, the natural product of the Chilean 
beds, and ammonium sulfdiate, obtained as a by-product in the 
destructive distillation of coal. Lalioratory e\})eriments had shown 
various methods by which the vast quantity of nitrogen which exists 
in the air might be fixed, but the industiy, based on the fixation of 
atmo*^pherk; nitrogen whicdi is the subject of Dr. \^'aeser^s jiresent 
work, was merely a matter of conjecture among speculative scientists. 

On this question we may again quote (Vookes : — , 

“ For v(‘ars fiast attempts have lieen maxle to effect the 
.^fixation of atmospheric nitrogen, and some of the processes have 
njpi with sulficient partial sifc(^(\ss to wari'ant e:jperimtmtalists 
in j)i1shing tl¥:nr trials still furtluT, but 1 think 1 ayi right in 
saying that no proctitis has yet* been brought to the notice of 

scientific or commercial men which can be considered successful, 

• • • 

(jjther as regards ^ost rtr yield of products. The fixation of 
atmospheric nityigen, thenffore, is one of the great dis(U)veries 
awaiting tluf ingenuity ©f ch«nists. It is certainly deeply 
important iin its practical *bearing% op thtt future welfare aiid 
happiness of the civilistnl races of mankind ”... ai«l . . . 
“unless we can class jt -among certainties come the great 
Caucasiafi race will ci^asc to be%remost in the world, and will 
be squeezed out ()f,t%\istence by races to whom whea*ten br(».ad 
is not the staff of life.” 

. * 

Certain considenations arise dircctiy from the foregoing. • For 
example, how far Jpave the projihecies of Crookes lieen fulfilled, and 
how would the food sui)ply of the civilised world stand to-day if no 
new source of inorganic fertiliser had been disc^overed iTi*thc^mterval ? 
Further, what have the chemists of the world suctf^ieded in doing as 
regards the jirtJiluction of nitrogenous fertilisers to justify thS trust 
that Crookes reposed in them ? The first andisecond points I proportc 
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to Consider ncm, the third forrjis the subject-matter of Dr. ,Wae.ser’s 
book. ^ t j , 

Crookes estimated the bread-eatin]^ population of the world to 
be 510,500,000, and deduced from statistics fiiat it wriuld increase 
in a geometrical ratio. On this basis he arrived at an estimate of 
the bread-eating* population of the world for each year up to i941. 
He made the assumption, apparently, that the use of wheaten bread 
would continue to be confined to Europe, North and South America, 
and Australia ; in other words, to what he described as the ‘‘ white 
population of the world, and, except for this assumption, it can he 
said that he made a fairly accurate forecast of the w'ojid’s bread- 
eating populatio]!. In the interval, however, growing sections of 
the inhabitants of chaste rii countries, such as China and Japan, the 
numbers of which cannot be estimated, had be(U)me bread eaters, 
and for this reason th(‘ bix^ad-eating ])o])ulation of the world is 
greater than that fon'casted by (’rookes. (Brookes estiniated the 
average annual consumption of wheat by the bread-eating 
population to Ih' 1*5 bushels per head. If we assume tlu' (con- 
sumption of wheat to be still confined to the' ‘"whitu” popula- 
tion the total wa)uld correspemd to an average of slightly over 
5 bushels head, and, owing, no doubt, to the unforeseen con- 
sumption by non-white people, the agg!X'gat(c of the world’s 
demand for wh('at is some I I j)er cent, greater than tl)4wt 
anticipated by^Crookes. • * 

Other relevant figures are the number of acre^i under wheat and 
the averages yiekUper acre. (_'i(^K)kes estiiuated* the number of acres 
under wheat in 189S to be 183,000^000 acres apd the average \'ield 
per acre to be 12-7 bushtds. He considered that if all the v^ieat- 
growing (countries iiucn'asc'd to the utmost the ajea und('r cultiv^ation, 
an addition of 100,000,000 acre?# only would be jnad^", giving a total ot 
28?, 000, 000 acres, whicl\p Jidb an average yield ofkl2'7 bushels per 
acre, Would sullicc in his ofhiion, to feed the world until 1931, but 
not much longer.* Kor the ytmrs 1909^ to 1913 the average area 
under cultivation w^is 2()O,Oo0,OOO acres and the fiverage yi(‘ld 
13*9 bushels per acre. In oth(^r wH)rds almctit the wj^ole of the land 
rcgarch'd by Crookes as i]|i)ssH)le wheat-^row^ng land had been 
placid under cultivation, but the output ]wr acre had Ix^en increas(Hl 
by 10 per cent. «aiTy. It is not possible to give* ^jom pi etc statistics 
for more recent years owing to the fact that the figures for Russia 
are not at^aiMMe. * 

We nfay, tlrfCrefore, summarise the x)osition as follows : — 
The tJl)Uxl consumption of wh('.at has become gr(%ter than that 
anticipated by Crookew because of the addition, not ‘^contemplated 



Xll 


FOREWORD 


})y him, of new consumers., in the Kar East and elsewhere. Thp 
numl^er of< a(;res iindtir cuhtivation is^not far short of the total which 
he estimated to be possible, ii&id which he calculated would feed the 
world only lentil 1931', while the yield per acre has increased by 10 
per* cent. only. 

II should be pointed out that the area on the eUrth’s surface on 
which wheat can be grown is limited to a c;ertain definite climatic 
ranges dc^termined by extremes of teTn})(*rature and of moisture in 
the soil. This area, has, however, been steadily extended owing to 
the selective' l^reicding of wheat which has had the effect of increasing 
its resistance to extremes of teanperature, drought, excessive mois- 
ture and plant diseases. Eor example', the wheat belt in Canada has 
been c^onsiderably extended in a neathe'Hy elirection. We may 
assume that apart from the', be'ue'fits elue to se'lective breeding, the 
main increase in annual proeliiction is now to be looked for in the 
eliree'-tie)!! e)f inereascel juoduclivity of the soil, which can only be 
se'cure^d l)y the increase'd e‘mple)yment of fertilisers, primarily nitro- 
gene)us feuTilise'rs. Niti'e)gen is an essential constitue'nt of all ve'ge- 
tatk)u, aiubwe* have se‘en that the world's prodiictiem e)f food depends 
in a largo Jiieasure' u|)on its application to the^ soil in sucli a form 
that it can be assimilatexl by plants, anel suited to thp particular 
e^onditions of soil anel climate. 

‘ Wo now havei te) conside'r how' far there will be available the 
enormous quantity of fixed iiitrogv'u which will be re^uircei to nicest 
the rapkfry grf)\A in^ de'iuand tdi’ nitrogen fe)r fertilisers an^ iov either 
])urposes, such as the^^uamjfae-t lire e)^exple)sives, elyr'stuffs and drugs. 
In 189S the Tutre)gen c'bnte'ut e)f the Chile nitrate exported was 
200,000 te)ns ; in 1025 hael incre'aseel to 370,000 tons, which may 
ho take'll as a normal ^^eiutput for the last fifteen years. This output 
is apparently inci^palile* of sea’kms fitrther incie'.ase, anel, moreover, 
it* has te) be renni^^niseel that the beds ivill ona day be exhausted. 
Neverthe'less, (Iiile Jiitj’ate, which was once almost the se)le f50urce 
of fixeel nitrogen, supplie'U more nitrogen than»*all e)ther sources 
until 1015, when, for the first time Jlnd e)wing to war conditions, it 
fell from its prouel po,«it^on. In lOK) anel 1017 it regained the 
supremacy; in IIKS it •nad enice inor<> lost it, probably foi* ever. 
In 1022, an exceqTtional year eff course, it supplieel only one- 
fifth of the we)rlel2? ne'cds for nitrogen, anel in a little under 

e)ne-thirel. 

The e)utput e)f by-produ#t ammonium sulphate cewYespgnded in 
1808 to seune 00, 000 tons of fixed nitrogen, and b> 1913 this figure 
had increased t« 280,000 tons. Sinex3 then the rate of production 
has varied bdt little, and at the present time shows no marked 
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teiijiency to increase. These two sources clearly theig cannot 
meet the seriously growing neeaTor fixed nitrogen. ^ 

Crdbkes had said : Starvation i\iay be averted through the 

laboratory . . . the chemist will step in and' postpone the day of 
famine.” 

The problem® of the fixation of atmospheric nitrogen to which 
Crookes referred was solved in th(^ interval, and to such ofTect that 
from zero in 1 900 the annual output from the atmospheric nitrogen 
industry had grown by 1 925 to the impressive totjil of 550,000 tons, 
or nearly*one-half of the world’s production of fixed nitrogen. 

The new industry is rapidly increasing in importance throughout 
the world, and its scope is almost unlimited. As mention(‘d above, 
the present output of Chile nitre probably represents the maxinuim 
that the nitrate fields are likely to yield even with iinx)r()ved methods, 
and accordingly the inevitable increase in tht'. world’s demand for 
nitrogenous fertilisers can lx‘ met only by the exj^aiision of the 
fixation industry. 

The fixation process(‘s (‘in])loycd on a commercial scale include : — 
The arc process. 

Th(' cyananiide process. 

The direct syntlu'sis of ammonia. 

Regarding the a7*c proc(\ss, the first to be ostablishcHl on a com- 
mercial scale, it is generally agreed that as it entails a large consiiiun 
tion of electrical (mergy there is not likely to l)e a substantial exten- 
sion of it in afty country outside Scandinavia, to which uhrYftory, 
where water power is exce[)tioiudly oheaj), it is, indeed, at j)resent, 
almost entirely confined. Moreover, tlu*. range of producjts obtain- 
able by its use is practically confin(‘(l to nitrie> acid and nitrates. 

The modified arc })TY>cess using enrichc'd air, which was developed 
by the Nitrum A.CJ. in Switzerland, does not npnwnt a sufficiently 
grc«t improvement on tlu'. old arc process to justify, its (\\ tension al' 
the pregent time. Dr. Waes(u% in his nhnence to tins process, does 
not distinguish between tlie Nitrum A.Ch, ’Ziirich, and tlu^ Nitrum- 
werke A.G. The former, founded in 1915, is identical with the 
Soc. Anon. Nitrum, and merely the owner of patents, while the latter 
was a gubsidiary working under lieenee. ' 'li’he Nitrum wxndvc A.G. 
did njt rebuild its plant at Bodio after the ex[)l(Ssion in 1921, and 
is now in liquidation. A plant is still operating . under the same 
patents at Rhina, in Baden, and belongs to the Electro Nitrum A.({., 
another liqpns<x^ company of the Nitruu' A.G. The Nitrum A.G. 
owns patens for the production of nitrous gas(\s by the arc process, 
and also patents for the absorption of nitrogen oxides I)roduced by 
thg arc and the ammonia oxidation processes. * 
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The cyananiide process js a German process, which in 1906 ^as 
established in Italy wheiS^ cheap po^l^er was available, and has been 
ccmsidcrably developed by t{ie American Cyanamid Compfifeiy and 
others. Tn this procx'ss calcium carbide, ‘which is produced in the 
electric furnace, is crushed and subjected to a stream of pure nitrogen 
uiKh^r suitable conditions. The process requires .considerably less 
power per ton of nitrogc'ii than the arc process, but can be success- 
fully establish('d only where the raw materials, namely, limestone 
,^nd coke, or anthracite, an^ abundant and cheaj). 

(;Vanannde has bcH‘n found to be a useful fertiliser tor particular 
soils, but und(T some conditions it has a considerable toxic effect. 
The (kanand for it is, therefore, somewhat limited, and its production 
has nunained practically stationary since 1917. (‘yanamide manu- 
facturers found that in order to maintain their markets they had to 
convert the product into ammonia and other nitrogen compounds, 
and there has been in conseqiKmc^e a tendency among European 
manufacturers to replace their cyanamide plant by })laiit for the 
direct synthesis of ammonia. 

Uefercnce to l^^ig. A, which shows the develojmient of the various 
j)roc(»sses for the fixation of atrnosidieric; Jiitj'ogen from 1905, when 
th(' first plant vas establisluHl, to the })resent day, indicates quite 
clearly that there has IwH^n ])ractically no d(5velopmen*t during the 
last t('n years in t)u‘ aT*(‘ or the cyaiiamid(‘ procjcss. There has been, on 
thV other hand, vio7(' particularly since 1915, a very great de^velop- 
mentYTivprocesses for the dii’ect syntlu^sis of ammonia.® This develop- 
ment was laigely stimulated by vwar conditions, parficularly in 
Germany, as that country was unable to import Chile niti’ate or 
ammonium sulphatj' in any, quUntity during th(i wai* j^eriod. 

^he first f)rocess for the dij*ect synthesis of ammonia to be 
operated suc*c(‘ssfully was the Haber pjx)cess of the Jiadische Com- 
pany. The first })lant was installed at ()f)pau in 1913, after m«uiy 
years of intensive (effort by a large staff* of j’osearch chemists and 
engineers, and was followed by a secoTid }>lant at Merseburg. The 
annual capatity of Opfuiu is 100,000 tons of fixed nitrogen and of 
Merseburg 200,000 tons. 

During the'waf the Allies w en^ faecal with a very serious j^roblem 
in connection witl^lhe ])rovision of* fixe'd nitrogem for exfdosives and 
fertilisers, and cfAjsiderable sca’cmtific activity K'sulted in England, 
France^, Amc'rica*and Italy. It may be said, however, that during 
the period of the war, iti^ the absence of anything.lik^ complete 
infortnation regarding th(‘. dc^sign and technique of J:he HaJ)er process, 
which was at dlait time the only synthetic ammonia proc^^ss, no 
serious progix'ss was made. * ^ 
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Billingl^m i« at i)resent 15,000 tons, which is to increased ^to 

45.000 tons and later to 00,000 tons annually. 

Considerable difficulty wfis experienced during the first t^o years 
in getting \}\e plant 'at Billingham into successful operation, but the 
initial difficulties have been overcome and the plant is now operating 
witn considerable success. 

In Tranche, during the war, Georges Claude conducted a series 
of experiments and, subsequently, evolved a new process for the 
, synthesis of ammonia in which high pressures of approximately 

1.000 atmosjjheres an' ('mployed. Because of these kigh* pressures 
the Claude units are much smaller than the corresponding Haber 
units, and, in some respects, simpler. Technical difficulties, how- 
ever, arose in the manufacture and dt^sign of certain parts of the 
plant. V^erv special steels were required for the catalyst bombs, and 
it may be nf)t('d that the investigation and production of these steels 
was carried out in this country by British metallurgists. Difficulties 
were also experienced in connection with the eom])ressors, but these 
aj)pear to liavi' been overcome. 

The S^.)c. I’Air Liqukh^ is promiiu'ntly identified with the Claude 
pTO(;ess and we may iiKuition that its ea])ital is now considerably 
larger than the figure given by Dr. Waeser, being 50 million francs. 
SoiiK^ of tluj j)lanis so far installed on tlu‘. (Uaude system utilise 
4 \vdrogen obtained hy the fractionation of coke-oven gas, while 
others use hydvogen similarly ])rodu(5ed from water gas or by 
electroi,)Sis. 

In France there* are plants opi i-ating at the Bethunc mines, at 
Aniche and at La Grande Paroissc, and two other smaller plants, 
tlu' .total rated ciip:wipy within that country, according to informa- 
tion supplied to us^ being almut 18,000 tons of nitrogen annually. 
Other plants aiv stated to b<^' in operation in Belgium, Spain, Italy 
and Japan with a total rated ca})acjty, outsjde France, of about 

11.000 tons annually, and we are infornu'd that further installa- 
tions are j)rojccte(l or in course of e-onstructi/>n in Italy, Poland, 
Czeclio-Slovakia and the United Suites. 

Another process fo^^ ,the synthesis of ammonia was developed in 
Italy by Giaconu. FauSer. b5xuser employs a pressure of 250 atmo- 
si)hcres, and he informs ns that plants utilising his process are in 
opc'ration «at Nc\\ara Scxlicjo Brihano and Merano, with annual 
capacities of 8,400, 750 and 18,000 tons of ammonia respectively. 
Two further- similar j)laTit. are projected at Firso, Sardmia and at 
Catrone, with annual cai)acities of 8,400 and 10,800 tons of* ammonia 
respcidiveJy. ‘ 

The most outstanding development of recent years, however, 
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tljfit of the Casale synthetic ammonia, j)focess. Dr. Lui^i Casale, 
who was a lecturer in the UnilNersity of Tttriii, resigned Ws teaching 
appointments during the war in ordt^- to devote himself wholly to 
research the field of nitrogen fixation. His aesearches were started 
abdut 1916, and hi 1920 he produced ammonia in the laboratory for 
the first time. •Almost immediately afterwards a semi-tecljtiical 
plant was set up at Tcriii for the continuous production of some 
100 tons of ammonia annually. A 2 )lant of about 300 tons’ caj)acity 
was then installed, and was followed in 1923 by two i)Jants of 1,000 
and 2,7(K) tOns’ capacity rcspectivcdy. 

In the autumn of 1922 the writer’s colleague, the late Dr. f). A. 
Harker, F.U.S., was asked to conduct the first professional investi- 
gation and to report on the Casale ])rocess. After this investigation 
he cabled : — 

The process differs in details greatly from existing pro- 
cesses, is simjiler and less costly to instal.” 

The development of this process during the last thre(‘. years has 
been extraordinarily raf>id as will be (^lear when it is pointed out 
that there are now^ some eightc^en plants ofx^rating in eight (K)untries, 
with an installed capacity of some 75,000 tons of fixc‘(l niti'og(‘n p(*r 
annum, and additional 2 )lant on ord(*r of a capacity of some 125,000 
tons, or a total w hen coni})leted of ov(t 200,000 tons of fixed nitrogen 
per annum. Allowing for stand-[)y units the f)lants o])erating tins • 
])rocess will, on completion, be ca.pahk‘ of producii^g annually alm'ut 
150,000 tons ftf fixed nitrogen, or almost one-third of total 
quantity d¥ atmospheric- nitrog^ti fixed in 19J*^.^ 'This is certainly 
a very remarkable commeTcial dev(*lo])meiit. '^The (^asale procHvss 
operattxs at about SOO atm. pressure in a C1 os(h 1 circuit. The 
synthesis tube is eoustru(d-od so as to secui'c eflicaent la^at flitei’- 
change, and the pressure container itself ju'ver attains a tempejature 
higher than 200 ' 'This low temp^ratuie (‘nhbles sp('cial steels t?) 
be disgenseid with in t]ieM(‘sign of the catalvst bomb. Tlu' bomb 
has a high mechanical resistance and is not-alTected by the hydrogen. 
One of the most important features of the f)jo(*ess is khe dt'libcaatt? 
retention of a certain percentage of ammonia- in th(^ nitrogcm- 
hydrogen mixture to .avoid all danger of Okverh(‘ating the catalytic 
mass. A portion only of tiic a-mmonia is reif^«v(Hl from the gas 
issuing from the sy^ithesis tutx' and the uncombiilPd gases are mack^ 
to pass repea t(^df\^ over the (\‘italyst. 

The pjocegi^ has been adopted by t^i(^ French Cj}ovf‘rument for 
their new ^ationaj[ factory at Toulouse w^hich, w hen complete(t> w ill 
have installed capacity of some 65,000 tons of lix^?d nitrogen jxt 
annum. * It has also recently been adopted by the Ru^;sian Goviun- 
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mcnt for^two plants. The high working pressures of this and Hke 
Claude process enable plAnts to be femployed of much smaller size 
than would be necessary with a Haber plant for the same dhtput. 
In the case o| the (>asti3e plants the technic^a*! difficulties in connection 
with the manufacture* and operation of compressors working at^he 
high^^})ressui’es required have been overcome, and the plants are 
extremely sim])le to o])erate. 

While the translation of T)r. Waeser’s work was proceeding, a 
few particuilars w(*re f)ublished in Germany of a new process of 
ammonia synth(*sis, namely, the Mont Cenis process. ^hiS process 
is owned by the Mojit Cenis Gewerkschaft and is stated to operate 
at a pressun* of 100 to 150 atmospheres, and to employ a particularly 
active catalyst and a low temperature of about 400“^ C. The process 
a])pears to be based on patents of F. LJhde, the principal British 
applications being Nos. 3565 and 35()(), dated February 8th, 1926, 
and entitk'd “ An Jmj)roved Method of Synthetically Producing 
Ammonia.” The first deals j)rincipally with improvements in the 
catalyst which ena])le par'ticularly low temperatures to be employed, 
and th(* second af)plication deals with the purification of the incoming 
gases. Tlu*. process has not, so far, been put into (jommercial 
operation on a large scale, but we understand that a j)lant is projected 
for Northern G(*rmany. 

1'he synihc'sis of ammonia entails in the first place the prepara- 
tioh of j)ure hyckogen and nitrogjen which are then mixed in the 
])ropmikin of three to oik* and passed under pressure over a heated 
catalyst. "TIk^ }>i()C<“ss depends m.vinly for its successful ojDcration 
on the cost at vvhi(4i hydrogen can be j)roduced. Prior to the war 
the whole of the hy^lrogen iv^edbd was imxliuH'd from coal. During 
the war it was realised, particularly in Italy, that in countries in 
which there waa no coal, but whifh possessed large water-power 
lesources, a pro(;'*ss was requirt-xl which would^ utilise electric power 
for the production of hydrogen. As a consequence, the production 
of hydrogen by the electrolysis of^,water was enveloped by Casale 
and by Faufer for use with their 'Synthetic plants. A number of 
ek‘ci roly tic c^ells ha^e. b(Kui desfgned and operate quite satis- 
fai^torily, one of ^he mhre widely \jsed being* of British desjgn and 
manufacture. ‘ ^ 

Where elecdrcMytic hydrogen is employecF and the nitrogen 
])roduced by biu ning hydrogen in air, the power required is approxi- 
mately 5,000 K.W. continuous for each tonfi.of ^anhydrous 
amnlronia produced daily. By far the larger pa^t of tlji* power is 
required for the generation of hydrogen and the remainder for 
operating tlK*. compressors, pumps, fans and other small plant. ^ 
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^The Liljenroth process is a process fpr^he siinultaiieoiis produc- 
tion of phosphoric acid and dk hydrogen •commercial io^^fallations 
of whifh are now being erected in the Tjfnited States and in German y 
in association with synthetic ammonia plants.# The capacity of the 
projected German* plant is some 100 tons of P^O., daily. ^ According 
to this process, phosphate rock is reduced with coke in an electric 
furnace, with production of carbon monoxide and of phosphorus 
vapour. The latter is condensed and collected under water instead 
of being directly mixed with air and burnt to phosphorus pentoxide 
as is the*usifal practice. The phosphorus is treated with excess 
of steam yielding directly jihosphoric acid and hydiogen. The 
steam is raised by burning under boilers the f arlxin monoxide 
obtained in the electric furnace. The total powi r requirements of 
the process are 125 h.p. years per ton of P-/)., obtained in thc^ form 
of acid. 

The by-product hydrogen, which is suffi(‘it'ntly juire for use in 
the synthesis of ammonia, is obtained in suHicierit quantity to 
produce over 50 per cent, more ammonia than would be n^quired to 
convert the phosphoric acid obtained into th(^ usual mono- 
ammonium salt. 

The Liljenroth jiroccss is an interesting example of the inter- 
locking of Tihemical processes which is an imj)ortant feature of 
modern chemical technology. It serves simultaneously to produj^ ' 
the necessary hydrogen and an aci^l of valuable fertilising propePiiiCs, 
which is used convert a jiortion of the resultant amm^^%i into 
ammoiiijinf phos])hate, a substapee in very coip^iflerable demand as 
a fertiliser as it ^5upplies to the soil nof Lmly nitrogen, but also 
phosphoric acid in soluble form. 

Prior to the war the only synthetic ammonia jilant in ojieifition 
was the Haber plant of the Badischc C\^m|*an;^ at 0})pau, the 
hydrogen being obtained fronf coal "or from* lignite. The Habt«r 
process, particularly in view^of the technical difliculties of ojieration, 
is not suitable for small units, and it i^ doubtful if the process 
would be a comifi?rcial succesj with plant capacities^ much lower 
than, say, 20,000 tons of nitrogen per annum. It may be 
recalled here that wduui the members of^iSu*, British and Frc'iich 
Commission attached to tlie Allied (Control <jommission visited 
Opfiffu during 191 ft they wcft’c told by the ^German chemists that 
even if they cdlild erect plant identical with fhat at Oppau or 
Merseburg, thc^ certainly could not o]ierate it “ for lacdv of the 
highly tIJained w^orkers, who were absolutely essential to sucufcsdul 
operation.^ 

Tlie principal feature of the newer processes is the, simplicity of 
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the employed and^ the ease of operation. In Dr. Harkoai^’s 

report on-^thc ('asale i)rdces.s, to wiffch reference has already been 
made, lie* stated : — <• 

“ One of the tfiings wliich struck life most about th^ working 
• of the 1 enii plant, which had them been only 'two days in opera- 
•tion, was tliat none of th(‘ individuals coiiccwkhI appeared to 
regard the operations they were conducting as anything out of 
the common.” 

On a. visit to an iTn])ortant synthetic ammonia ])lant paid some 
tvv(‘lv(‘ months ago, th(‘ writer found that the whole ])lant was being 
operated under th(‘ direct supervision of the engineer resjxmsible 
for tlu' running of th(‘ power station, and that no chemists were 
(‘nii)loyed. I'his was a, plant in which the hydrogtm was produced 
(‘lectrolytieally. and tli(‘ ammonia converted directly into sulphate. 
It would almost a])p('ar as if the chemists laid solvt'd the nitrogen 
probhun so successfully as to render unn(‘cessary th(i employment 
of nuunhcis of iheiv own profession. 

Another ini])()rtant feature of the recent developments is that 
economical o])(‘i'ation can he secured with very small plants. 
Plants capable of producing o t-ons of anhydrous ammonia daily are 
in successful comiiKTcial operation in various parts of the world. 
'l\vo r('sults follow directly from th(^ simplicity of operation, and the 
^suiall si/c of unit that can be comnu'rcially cmjdoyed. Firstly, 
indi\'idual small plants can be installed near the centre of consumj)- 
tion '<'ach country, and secondly, by ])roduct hycfrogcn from the 
electrolysis of biibe^^or other sourews, which hitherto weht to w^aste, 
can b(' employed for th(‘ protluction of synthetu* ammonia, as can 
also hydrogen fj’om’cokc-ovcn gas. Every ton of j)ig iron produced 
recphrc's about I ton ol metallurgical coke. Ev(uy ton of coal which 
is cok(‘d ])rovid(*s a])out 0-7 toji of cok(\ and a total of some J 1,000 
1‘ubic fc(d of stiippcd gas, of vhich approximately 0,000 cubic ifeet 
ar(^ availabk'. This gas contains about “IS jjcr cent, of hydrogen, 
of whicJi it may be assunu‘d that ncaj’ly 00 ])er ccuit. can l)C recovered 
by the* liquetication of the* other coijstituents. In this way approxi- 
match^ .‘3,200 cubic f(‘(*t of hydrogen can be recovered per ton of pig 
iron pi(Kluc(*d,’‘and thisMiydrogen would })e sullicient for the produc- 
tion of 0*0,‘k‘3 toii Ol (ixc‘d nitrogen. if we take the British produc- 
tion of pig ii-on at ^h(* 1024 figure of 7,010,000 toes, the fix('(l nitrogen 
that could ))e pn)duc(’d from this source would amount to some 
240,000 tons. Th(‘ installation of synthetic ammonja. plants for the 
utilisation of cok(*-ovcn gas is b(*(*oming an imj)ortant feature of 
coke-oven economy^ in France, and will probably be extended to 
other countries also. 
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J'he world position as regards the proyisfon of inorganic nitrogen 
may be reviewed as follows ^ 

RefA’ence to Fig. B shows that beypnd any question the atmo- 
spheric nitrogen industry ifi taking the lead in the provision of fixed 
nitrogen. The output of Chile nitrate does not show any tenden«y 
to increase, and the increase in the output of by-product ammoAta 
is unimportant compared with the total increased demand for fixed 
nitrogen. Reference to Fig. A shows that synthetic ammonia is 
now the chief product of the atmospheric nitrogen industry, that the 
output of calcium nitrate by the arc process is practically stationary, 
and that the output of cyanamide is decreasing. The following 
extracts from official documents issued by the United States Govern- 
ment in May and June, 1924, are of interest : — 

“It appears . . . that a very substantial expansion (of 
the nitrogen industry) is to be expected during the next five 
to ten years. This expansion will unquestionably be in the 
direction of the direct synthetic ammonia process.” 

“ There is a general concensus of opinion in this country 
that th(^ direct synthf^tio ammonia s(?heme for nitrogen fixation 
offers greater promise of (dieap nitrogen than any other process 
at present.” 

The great? simjJicity of the latest synthetic units has led to the 
installation of synthetic ammonia ])lants in most of the consuming 
countries and, indec'd, in many of fjiose countries tQ the installatitAl 
of a number of individual jdants at several centres. Tlie poiic*^, so 
far followftC(Fby the Badische (\)n5pany, of concA^itlrating manufac- 
ture in large factories with a view to supplying the world market, 
and of withholding licences for theii pro(H\sses for the production 
of hydrogen and (ff synthid-ic ainmonia is not, in the light of recbnt 
develojunents, likely to continue with success. The reduction in 
freight charges resulting from a wide distribution of plants is a* 
considerable economic advantage and such plants occasionally have 
further advantages in local conditions. There is the further very 
important point that distributfKl plants provide aq insurance 
against a dearth of fixed nitrogen during war. Many important 
countries have made it part of their x)eace» polic\^ to develop the 
fixed nitrogen industry even to the extent in sonu^ «ases of })roviding 
large subsidies for this purpojfe. Fn this connection it may be in- 
teresting to quote*from some recent remarks by Dr. G. C. Clayton, 
M.r. ^ ’ 

“ In this country we were fortunate in having a Navy which 
could keep control of the seas and which, therefore, enabled us 
to caft*y on the war with nitre from Chile, coupled with ammonia 
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from gasworks anfl gas producers. But we were very ]|^rd 
preseed. We had to get fromp^orway large quantities of dbl- 
cium nitrate to convejt into ammonium nitrate for •amatol. 
In view of those dangers, it was decided that for th^ future we 
must Tiave our own sources of synthetic ammonia. We have 
' at Billingham a Haber plant working satisfactorily, but it is 
only one plant, and the fact that it is only one may be a great 
danger in case of air raids. We cannot depend solely on one 
plant. . . . Wider distribution would greatly minimise the risk 
from air raids.” 

The wider distribution referred to by T)r. ('^layton as desirable 
from strategic considerations has only been rendered possible by the 
developmcmt of processes such as that of (^asale which })ermit of the 
manufacture of small units, which, because of their F^implicity and 
ease of operation, can be run with sufficient economy to compete 
with the large units hitherto essential. 

The fixation of nitrogen, whether by the arc, (\yanamidc, or 
synthetic ammonia process, is generally only a first stage in the 
production of a marketable product. Nitric acid, the product of 
the arc process, is ordinarily (converted into (calcium nitrate, or into 
ammonium nitrate by interaction with ammonia. Much of the 
cyanamide which is manufactured is converted into •ammonia by 
^^digestion with a dilute alkaline solution in high-pressure auto- 
claves, the aiiynonia in tuni^bcdng converted into sulphate or 
phc^l^iyite, or oxidised to nitric acid and converted into nitrates. 
Urea, which is ftkely to become^! particularly important fertiliser 
because of its high nitfog(ui content, is also pfoduced fjom com- 
mercial cyanamid^. The latter is converted into fre^e cyanamide 
by* the action of calbonic acid or other acids, and the solution 
so obtained is^ transformed into urea by the action of a dilute 
•mineral acid. Animonia Ts converted into ammonium sulj^ate 
by interaction with sulphuric acid,* or lattcily, and on an 
increasing scale, by the 4 i:yf)sum proc(‘ss, which is in use in Germany 
and in this^country. It is also converted into**ammonium nitrate, 
ammonium sulpho-nitratc, ammonium chloride, ammonium phos- 
j)hate, and othcu’ saltc^. "There has been p. remarkable develop- 
ment during thckSast few years in the conversion of ammonia 
into urea. Aifimoniiim (iarbamatfc is first produced iJ^^ the 
interaction of Jimmonia and carbon dioxide, aitd it is then trans- 
formed into urea by heating in autoclaves at 1 00° C. and about 60 
atrAospheres pressure . Th is process is being carried out by^tlfe Badische 
Company and a new process has also been devefoped by Dr. Casale, 
which is expected to be commercially operated in the nfear future. 
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.it is interesting to note that ^ccessful •experiments have recently 
been conducted with a view to^ atill further increasing the wheat 
yield produced by the ajjplication of -a given quantity of fixed 
nitrogen. 

In conclusion it niay be said that the problems connected with 
the actual synthesis of ammonia have been solved, and but little 
development of a fundamental character may be looked for in this 
direction in future. Very considerable developments are, however, 
already taking place which are directed to the production of cheap 
hydrogen, and it may be antici]:)ated that thevse developments will 
play an important part in t he economies of the ammonia industry 
for some considerable time. 

It is difficult to exaggerate the importance of the atmospheric 
nitrogen industry to any country, and it is particularly important 
to these islands, which import some 75 per cent, of the wheat which 
they consume, and in which, thenrfore, it is eminently desirable 
that the internal wheat production should be increased as far as 
possible. 

It seems to the writer unfortunate that in this country, ^ in 
financial circles, there is some lack of aj)preeiation of the economic 
importance of technical develo])ments in general, and more particu- 
larly, of th(3se of a chemical charact(^r, siudi as are described in Dr. 
Waeser’s book. j 

Hai)pily, the general increase of scientific knowledge is graduallf^ 
leading to some improvement in this resjject, and it may, th»iPeS)re, 
be hoped* that thej^se who still A'gard ammonfti^as primarily of 
importance as an adjunct to domestic cleaning and to the toik^t will 
realise that nitrogen production is a ifational economic j)roblem of 
the greatest importance to the future welfare o? tjie British Empire, 

. and indeed to the work! as a whojp. 


11, Queen Anne's 

Westminster, S.W. 1. 


J. E. CROWLEY. 
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THE 

ATMOSPHERIC NITROGEN 
INDUSTRY 

INTRODUCTION 

CHAPTER I 

The Historical Developments of the Nitrogen Industry prior 
to the Realisation of the Direct Fixation of Nitrogen 

As is well known, attempts to exploit the valuable con- 
stituents of the air technically are quite modem ; they were, 
however, preceded by a period of several centuries of scierrtific 
investigation of the pro|X‘rties of the air by Torricelli (1043), Otto 
von Guericke- (about 1050), Lavoisier (1772), and many others. Such 
investigations succeeded thousands of years during which human 
beings, in common with the whole organic world, drew the fundamenj^l* 
ba.ses of their existence from the atmosphere without investigivting, 
or being able to investigate, the ijlienomena wdiich- they experienccii 
and saw. • 

It is only proper that we should first devote -a few words to the 
early stages of the history of saltpetre and of nitric acid. An ae^tive 
demand for saltpetre arose from the circumstance that it was neces- 
sary^ for the manufacture of bFack gimpowder. J*otasli saltjietre 
has been known since the patliest times ; it was a main ingredient 
of Greek fire, the preparation of w'hich was preserved in Byzantium 
as a State secret, u.'nd which w\is successfully used by Kallinikos 
(a.d. 673) and by Leo the Tsaurian (a.d. 73t‘), Little of historical 
value remains of the legend of the Rvlburg monk, Berthold 
Schwarz- (about 1300), beyond the fact that tlv^ use of guiqKiwder 
bccanto more extensively knewm in Europe- at a^xiut that period. 
German gunsmiths took a further step by utilising the powder 
to hurl shots from small arms and cannons, which latter are 
known to-, have" existed in 1313. The rapid development in th^use 
of gunpowder mad6 the search for new methods of preparation of 
saltpetre imperative. In this way the industrial career of this 
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material, which has pla^efl and still ]>]ays such an intensive p^^pt in 
the cuh!ural history of mankind, niuy be said to have begun. 

In warm regions with light rainfall, wlierc nitrogenous refuse 
rots on soil containing potash, wliito crusts of salt form on the 
si^rface of tne soiJ when rains are followed by long periods of drought. 

saltpetre, or “ China salt,*' was obtained by collecting these 
de]>osits (sal ])etra'), extracting them and evaj^orating the extracts. 
Only a small acciderd was required, such as, tor example, the observa- 
tion of tlie deflagration caused by throwiiig a piece of gloAving wood 
on to the nitrate -bearing soil, to cause the diseovcTy oi the ])roperties 
of mixtiir(\s similar to (hvek lire, the original home of wliich may 
probably be found in India, (liijia or Egypt. It was these countries 
which supplied the first saltpetre. (Vylon and India, which are to-day 
the only serious exporters of natural ])o(ash saltpetre. w('re then 
already the most important. The main sourc(*s wen* the Ganges 
mud, containing about 8 })er cent, of ])otassium nitrate and 4 per cent, 
of caleiuju nitrate, and the nitrate-bearing soil from hoinesteads. 

We meet with salt})etre at an early date in alcliemistic writings, 
in whi(‘h it is referred to as “ sal ])ctra*,'‘ ‘‘ sal ])etrosum,'’ or “ sal 
iiitri ” (Pseu(lo-(h‘bir, Raymund Lullus). (leveloj)ment of fire- 

arms caused the demand to increase, and sall[)etre was thus the 
foundation of the develo])ment of chemical activity. In the four- 
teenth century it was well known, as was also nitric acid preparcel 
f’’e)m it by elistillation (jf a definite juixture eif salt])edre, e*-e)pper 
sulphate and alum, the acid being known as aqua disseflutiva " or 
“ aepia fortis.” ‘ (Jeorge Agriceda (14fl4 1555) gives a detailed 
description in his main work De re Me*tallie*a,'’ of the* redining eif 
saltpetre which ha.l already Iv'cn juactisid technic{\lly. The ])rocess 
of ;altj)etre ])roeluctlon in nature was imitated by he^ajung uj) soil, 
animal refuse, woe)el asliess, liine, building waste, etc., moistened 
re})eatedly with stable manure or Urine, and them allowed to stand. 
When after me)nths or years the heap -,vas rq)e the thiedv layers of 
efflorese-.ent saltpe'tre were MTaped off. The e fflorese^eiit "wall 
salt})etre '* froju the* walls ei stables which were freepuaitly sodeleii 
with stable maninv was also ' utilised. "Gay" sait])etre w^as 
similarly ])r('du(icd in the pustas of Ihmgaiy, anel in Switzcrlanel 
stable manure w as« utilise el in " salt])etre trenebe's." These extremely 
aiuaent methe.ds ejf jmaluetioii are* still used in Anllag(*s far reunoved 
fre)m eivilisatioh. In the* cdghtee'ntli century tliedr systematic 
(exploitation was commenced. Salt])ctr{' })lantat ions, HtJpeiricres 
or nUricres were* founded, es])eeially in l^d-aiiee*, wdiere^ they were 
administered by a State de‘partinent, and plhyed an im 2 )ortant 
part, esjjecially at the time of the Continental blockade under the 
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first Napoleon. This is the first instance of that relation ship between 
blockade and nitrogen industry which was so extraordinarily marked 
a featur? of the Great War of 1914-18. Fairly considerable cpiantities 
of wall saltpetre were obtained in Silesia as far back as^the time of 
Frederick the Grea\. This material and the crude saltpetre frdm 
the saltpetre plantations were leached in saltpetre factories. The 
solutions, which contained calcium nitrate, were precipitated with 
wood ashes (potassium carbonate) and boiled down to form crude 
potassium nitrate, whicli was then refined in th(‘ pouder' works to 
produce pure nitre. 

The discovery of the nitrate deposits of (liile, and thc^ attempts 
to exploit them by Thos. Plaenke in 1809, form a turning point in 
the history of saltpetre^. The earth}^ caliclie of the almost rainless 
desert territory of Atacama, Antofagasta, ajui Tarapacd has been 
formed by the decomposition of vegetable and animal matter under 
the influence of nitrate-forming bacteria in a similar manner to that 
which we have already described as occurring in the nitre plantations. 
We now know that we may consider both prex^esses to be accjompanied 
by the fixation of atmospheric nitrogen, which is utilised, for 
the synthesis of albumen by the vital activity of low forms of 
bacterial life. So long as the techni(;al use of nitrates was essentially 
confined to the production of gunpowder, activities were restricted 
to the conversion of Chit* saltpetre into potash saltpetre (conversioi>« 
saltpetre), or “ artificial East Indian waltpetre," with the help of woflH 
ashes or, after 18()3, of potassium chloride (by Vorsti^r *and 
Griineberg, at Stassfurt). ^ 

The teaching of Justus von Liebig on nwneral plant fertilisers 
(1840) was of far-reaching importanCe, and (aiuscd a rapid rise in 
the production of the C^hilean nitrate fi(0d sinc^ the sixties of last 
century. The ]>redominance oj soduun nitrati' •in the world’s 
economics began witji this jieace'ful ])luise. The importance of 
potassiu^i nitrate subsequelitJy declined according to the extent to 
which the old black powder w’^is re])la(^ed by smokeless organic 
explosives and by ammonium nitrate. Simultaneously tlM' utilisation 
of nitric acid and of nitrites increased in coi^se^iuence of the develop- 
ment of the organic heavy cheunical industry, ^diich.*as is well knowm 
started its development at the same period. • 

At about the turn of the cejitury, serious consi^tTations arose as 
to what would ha 2 )pen when tlie ( tiilean dejjosits, w hitdi are of course 
limited, wer^ e^ilyiustcd. The very basis yf existence of tlu^ human 
race was tSrqatened; in order to avoid the disap])(xiraiic(‘ of inteifSve 
agricultiu’e and the consequent slow^ death by hunger of a portion, at 
least, of civilised mankind, or a throttling of chemical industry at 
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the height of its development, it was necessary to provide against 
the prospective future'^ exhaustio/i of Chile. During this fateful 
period, the atmospheric nitrogen industry came into existence. It 
is a characteristic of the cultural history of mankind that really 
great discoveries are scarcely ever associated With the name of any 
one man, but result from a series of important new observations of 
which the keystone only needs to be added when the time is ripe. 
This ide^a has been expressed very finely by Max Eyth (“ Zur 
Philosophic des Erfindcns We realise its truth in connection 
with the discovery of fire, the greatest achievement of all ages, 
and we also realise it when considering the atmospheric nitrogen 
industry ; we meet it again continually during the solution of the 
])()wer problem, the endeavour to liberate ourselves from the 
dominance of coal. 

In 1878, G. Meyer discovered calcium cyanamide, which we now 
know as the essential constituent of nitro-lime. Whereas Moissan, 
in 1804, was unable to combine nitrogen with pure calcium carbide 
even at 1,200® C., A. Frank and N. (^aro succee ded in showing a year 
later that nitrogen could be absorbed in the form of cyanide if 
alkalies, salts or other matcTials were mixed with the calcium carbide. 
As their efforts were directed to the production of cyanide, Frank 
and (Wo worked with barium carbide. In the case of both calcium 
, and barium carbides, the addition of potash, and so forth, had a 
favourable effect, as under such conditions the primary nitrogen 
conftpound which was formed, and the true character of which 
was not yet redugnised, was converted into cyanide. * The calcium 
cyanamide industry, ^ which has been operate*d industrially since 
1905, is based ori these ex])e/iments. 

‘‘The first process of direct oxidation, or combustion of atmospheric 
nitrogen to nitric acid by way of nitric oxide — namely, that of Birke- 
land and Eyde (1 9^3) — makes use for this purpose of the old observa- 
tion of Cavendish in 1781, that the action of the electric spark on 
the nitrogen and oxygen of the air produces nitrogen oxides. The 
discovery ,of the catalytic oxidation of amW)nia in presence of 
platinum is also of comparatively early date ; Ostwald commenced 
his first technical exin riments in this direction in 1901. 

Aluminium Filride was first described by Briegleb and Geuther 
in 1862. 0. Sel’pek introduced this substari/‘/3 into the large-scale 

technology of nitrogen. The first plant to operate his process was 
erected in 1909. About 1903-4, F. Haber and his co-workers com- 
menced to study the direct synthesis of ammonia from its elements, 
their work being based on earlier experiments by Regnault, Berthelot, 
and others. 



• ATMOSPHERIC AND BYPRODUfT NITROGEN 5 

The oldest known ammonium salt is the chloride (sal ammoniac). 
The expressions sal nitri ” for Saltpetre, afld “ sal ammoniac ” for 
ammoniflm chloride, have both undergone a change of meaning, for 
“ sal nitri ” or “ sal nitrum^’ originally denoted fixed alkali, and was 
changed in the sixteenth century into ‘‘natron (German for socia ; 
compare our symbol Na), whilst the old name “ nitrum ” has remained 
associated with saltpetre ; in antiquity, “ sal ammoniac undoubtedly 
referred to ordinary rock salt from the oasis of Ammon. In the 
fourtetmth century “sal armeniacum,” “ armoniacum ” or “ ammo- 
niacum ” was^ilready the equivalent for ammonium chk^ride. The 
remedy '‘nuschadir,’’ of the Arabian pliysicians of the ninth century 
(nischador in modern Serbian), was no other than our modern 
ammonium chloride. The term “ spirit of ammonia ” was coined by 
Bergmann in 1 7S2, long after the material itself was known . Ammonia 
gas was first produced by Priestley (1733-1 804). Ammonium car- 
bonate was well known to the alchemists of the thirteen tli century 
as “ volatile lye salt ” (Spiritus nrinm). 

The lighting gas industry (Minkeles, Murdock, etc., 1784-02), 
ran gas liquor to waste for a long perioci, and only commenced pro- 
ducing ammonia from it about sixty years ago. 

The Coke Oven Industry .--“In 1675 coal was first distilled for 
the production of tar, and in 1735 coke was lirst used in blast furnaces. 
The coking industry has only recovered by-products fur about thirty^^ 
years, as the demand for such materials only arose w;ith the develo}^ 
rnent of the fertiliser and organic heavy chemical industrie}| ?The 
manufactiwc td ammonia from th^ raw matcrials#ird the alchemist, 
bones and urine, which were for centuries the (,)nly available sources, 
is now very unimportant compared with that- frffm the nitrogen of 
coal ; both grou])s of processes ultimately depejid hpon the same sou fee, 
namely, atmospheric nitrogen, whicli became llxecj at a definite 
stagejn its ceaseless transformations — ifi one cas^ in prehistoric coal 
and in the other case iu animal products. The similar utilisation of 
the nitrogen of oil shale and of peat is of later date. 

With regard to *the preparatUm of the cyanogen (i()mpounds, 
Prussian blue has been known since 1704 (Dippel and Diesbach), 
prussic acid since 178^ (Scheele), and cyanogen ^itself since the 
classical investigations of Gay-Lussac in 1815. •The synthesis of 
cyanid^ from atmospheric nitrf)gen, with w^hich life calcium cyan- 
amide industry is closely connected, was first attempted by L. 
Thompson iij 1 885 . ^ 

If, finsCUy, we remember the part which ammonium nitaite 
formed by atmospheric discharges may have played in early geo- 
logical times in the first development of organic life, that Pseudo- 
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Gebir showed in tlu^ f()m;tecnth (ientury that saltpetre couI(^ be 
obtaiiieS by neutralising nitric aci^ with potash, the discovery' of 
nitrous acid by Scheele in the recognition of the con^ositioii 

of nitric acid in 1784-80 by Priestley and Lavoisier, the liquefaction 
of, air by Cifilletet and Pictet in 1877, and its technical realisation by 
C. von Linde in 1895, wo may reconstruct wliat niay be described as 
the historical outliiu’i of tlie development of the nitrogen industry, 
the technical “ genealogical tree ” of which is indicated in Fig. 1. 

Were we to describe^ in detail the development of the nitrate 
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industry, we would havt* to wri^e a consideVable chapter in the 
cultural history of mankind. We have seen that the first industrial 
])roduction of saltpetfg'/ takes us back to the nursery of technical 
chemistry. We know that the fixation of atmospheric nitrogen 
represents a great achievement of inorganic (Jiemistry, whibh had 
held a somewhat subordinate ])Osition at the turn of the century in 
comi)arison with organics cl)emistry, which for many centuries had 
coitfjjiidered the field of chemical synthesis peculiarly its frwn. This 
has been followed by a surprising development (tf the technology of 
the inorganic heavy chemical industry. As a glance at the genea- 
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logical tree will show, the favoured product of the synthetic^procesa 
is ammonia. Atmospheric iutft)gen, whicfi was first isolated by 
Scheele ?ibout the year 1770, is the mother substance of the nitrogen, 
not only of Chile nitrate, but also of coal and of animated Nature. 
Decomposition processes or explosions release fresh elementary 
nitrogen, in the latkT case with simultaneous liberation of the equiva- 
lent amount of energy in the course of a minimal time. This energy 
is necessary in order to attach the elements to one another. In both 
cases the nitrogen is restored to the atmosphere, the nitrogenous 
contents of wliicli remain ap 2 )roximateIy constant. Involved in 
these ])rocess('s wc may find a parti(;le of that ])ure poetry and of that 
hidden beauty of technology which is described to us by Max Eyth 
in his “ Poesie und Tcchnik.’' 

Before considering in d(‘tail the develoimieiit of the synthesis in 
individual countri(‘s, ve will give a sliort account of the most 
important events of the (diilean nitrate industry, which is still of the 
gnaitest economics imjiortance, and is, moreover, the scjIiooI in which 
knowledge of tJie ajqilication of the ])roducts of the a.tmos])heric 
nitrogen industry was gained. 

‘‘ Das Sammelbucli (les Vitalis de Furno und Seine Bedeutung 
fill* die Ueschichle d(T Chemie*’ (‘‘The (Vunpemdium of Vitalis de 
Furno and its lmj)orta:i(^(‘ in the History of Chemistry ’), by E. (). 
von Lippmaini {Chem.. Zfg., 10:^2, pj). 25, 50, 55), contains notes oi^, 
the early knowledge* of saltpetre and of nitric acid .in Italy, abo-^rt 
the year 1 1 50. 



CHAPTER II 


The Chilean Nitrate Industry 

(^niLE nitrate is sodium nitrate, NaNOg. It is mainly found on the 
west coast of South America, more particularly betwe(’n 11)° and 24° 
south latitude, in Chile, near the boundary of Peru. The most impor- 
tant districts for the [)roduction (/f nitrate are those of Antofagasta, 
Tarapacii, Atacama, Toc.opilla, Aguas Blancas and Taltal. The 
deposits are from 100 to 200 km. long and 3 to 5 km. in width. The 
nitrate was ])rol)ably formed from decaying organics matter by 
bacterial action, in a soil rich in sodium chloride and lime, and was 
lat(U‘ washed into larger dej)osits in the desert, wliich has no outflow, 
it was here protected in its sc^condary beds by a cover (d' material 
impermeable to water and thus presented from being redissolvcd 
by rainfalls, which were in any case v(u*y j‘are. The oxidation and 
nitrification ])r()cesses must have been extraordinarily intensive, as 
iodate and jierchlorate wctc also formed. Ostwald the'refure assumes 
rthat ozone also played a })art in the ))roc(‘ss. It is possible that 
eRctrical j)henomena also playcal a part. Otiu'r nitrate deposits 
in (.?dii)rnia (Death Valh'y, San Bernardino) (Vilombia, Persia, 
Transcas])ia (SchoTH\ala), etc., ha.»:e not hitherto been T^xploited on 
a large' scale. They iim much smaller than those of Chile, Peru, and 
Bolivia. 

At the commencement of this (century the life of these' d('])osits 
was estimated tf be about^ thirty ty thirty-live years, and a solution 
of the nitrate j)rol)lt'm consecpiently ap})eared to l)e a very UDgent 
matter. In the light C)f ])resent knowk'dge, their life is supposed to 
be H)() to 150 years, oi: the assuipption of A. Bertrand that the 
annual incroase ui consuniption wili ho about 50,000 tons ; it would 
be 300 years on the supposition that the average^ production of the 
years 1014-10 weyo uiaiMtained. 

The surface (if tlie nitrate deposits usually consists of a layer of 
sand containing lypsuni know as * chuca,” *cin bedded in 'which 
there arc white fragments of aidiydrite resembling pottery in aj)pear- 
anee, and known as “ kjza ” ; below this there .’s, a roeky con- 
glomerate of clay, grit, fragments of felspar, porphyry end green- 
stone. which are cemented together by calcium, potassium, sodium 
and magnesium suli)liates, togetht'r with a little sodium chloride, 
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to -form a mass known as “ costra.” Below the costra there 
is a further layer in which suli)hftes, sodiiinAihloride and magnesium 
chlorid^ predominate ; as the surface of Ihia layer resembles a frozen, 
gritty gravel containing water, it is known as “ congelo ’’ (that is, 
“that which is fro^sen together”); this layer contains a small [)er- 
centage of sodium «iitrate. Finely grained deposits of congelo are also 
known as “ banco.” 

Chuca, costra and congelo form layers 0-5 to 0-3 m. thick. Below 
these lies the caliche, which is 0*5 to 2 m. thick and constitutes the true 
crude nitrate, the best qualities of whicli contain 40 to 50 per cent, 
of NaNOg, the medium qualities 30 to 40 per cent, ajid the qualities 
of less value 17 to 30 per cent. In excerption ally favourable circum- 
stances there may be as much as 75 per ctuit. NaNOg. The general 
composition is as follows (according to K. A. Hofmann) : — 

50 ptrr luriit. NaNOg. 

25 .. NaCl. * 

4 JNagSO^. 

2 „ ' MgSO,. 

2-5 (US<)4. 

0-12 „ NalOg. 

Accompanying thes? constituents there are also potassium sul- 
phate and potassium nitrate (es])ecially in Bolivia), and alwayj^^ 
earthy impurities, stony fragments, sand, clay, watei;, and sometim^^ri 
borates, (-aliclur may he from snow white, sulphur yellowy le*^non 
yellow to»f)fange in colour, or n#iiy be all sha^iif^s of violet, blue, 
brown, or grey. Below the caliche layer thc^r^j is a light-brown loose 
clay wdiich usually contains sparkling crystals df anhydrite and is 
known as “ coba.” The coba forms the floor*of the nitrate la^^ers, 
and below this there is no more sociium nitrate.# In secondary 
deposits — ^for example, at Salar del Varinen ’(Antofagasta) — con- 
siderable variations may bt‘ iound from the sequence of the strata 
in the older deposits. ^ 

Ferd. Fischer cfescribes the #)lder method of worjjjing at the 
Olheina Rosario, which in 1890 produced 350 tons of saltpetre per 
day, utilising 880 tons, of caliche prr day, wliich contained on the 
average 40 per cent. NaNOg. The caliche is i?oarsely crushed in 
five rock -breakers aud then fi:‘ansjK)rted in cars tv’ith bottom dis- 
charge to the top of the boiling pans of the refinery, tlie cubic capacity 
of these paqs beiyg 12 to 05 cu. m. The^refinery works systemati- 
cally on Shanks’ system, and continuously produces hot saturated 
liquor of about 1-5? specific gravity at llO"" to 120 ’ C. The boiling 
pans are heated by steam coils. The crystallisation requires four 
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days’ cooling. For an output of 350 tons per day 230 wrought-iron 
crystallising boxes are used, each of *14 cu. in. capacity, and produce 
about 550 kg. of crystallised nitrate per cubic metre. The cold Aiother- 
liqiior, which is known as “ agua vieja,” is run off, and the crystals 
are* drained for twelve hours, after which they fire shovelled on to 
inclined drying stages covered with sheet iron, where they remain for 
f(mr (lays in onk'r (u>niplete]y to drain the remaining mother-liquor. 
They are then transj)orted to the drying and storage bins known as 
“ cancha,*’ in whic h they are further dried for fourteen days and are 
then ready for export. 

The inothcT-liquor is returned to the j)rocess, after recovering 
the iodine by tn^atment with sulphurous acid or sodium sulphite ; 
500 kg. of sublimed iodine are obtained from 10 operations per day, 
18 cu. 111 . of liquor lieing treated at each oiieration. The losses 
arc mad(^ good by addition of w^ash-liquor from the residues, the 
“ relaves.” to sucli an amount only that no evaporation is 
required. 

The final product - that, is, the (jrude nitrate us(‘d in agriculture — has 
the following average conqiosition : — 

05 0 p(T cent. NaNO.*,. 

2-0 Nad. * 

0-0 sulphate, etc. 

* 0-1 , insoluble matter. 

2*3 ., moisture. 

• r 

By allowing thWiot liquor from the boiling ])ans to sfaml for half 
an hour or more' in steam -heated clarifiers, sodium chloride and a 
])ortion of the otlicT inijiurities sejiarab*, and snow-white refined 
nitnlte for chemical purjiosc'S is obtained, which contains more than 
0() per cent. Ni-'.NO^, and not more than 1 per cent, of sodium 
chloride. Perchlorate is a } )ow erf ul plant ])oi son. From calichcition 
taining a large ajnount of this material (2 to 3 per iHUit.) it is easily 
s(q>arated during the r(‘fining processes in the form of the potassium 
salt. ^ ~ 

The method of rc‘finnig described above is still characteristic 
(.d a largt' part of tjie diiloaii industry, and only recently have attempts 
been made to introifuce more rational methods. 

Tlu^ commercihl products, crude and n^finedr ^nitrate, are sfiipped 
from Jqui(j[ue, Pfsagua, Valjiaraiso, Toco])illa, and other ports. The 
principal exporters are (JibJ)s & Co., WeluT & (b., Wi. 11. Qrace & Co., 
H. Folsch & (b., Vorwerk & Co., G. Wilms, and others. Tb5 develop- 
ment of the (Chilean nitrate industry is shown by the followiiy^ table 
of shipments since 1830 : — 
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1’oiis. 


1830 

. * . 850 

1840 

10,250 

1850 

, . . 23,000 

1800 

01,050 

1 870 • . 

132,45ft 

1 890 

1,000,000 

1 900 

1,350.000 

1909 

. 2,101,000 

1913 

. 2,738,000 

Germany iibsorbed a 1 

large portion of the production 

into Germany from Chile 

were : — 


lni2)orts 


1870 . . 20,000 tons. 

1895 . . 440.100 tons (>f the value of 09.000,000 marks 

(£:h450.000). 

J899 . . 520,944 tons of the value of 78,000.000 marks 

(a, 900,000). 

1913 . . 740.SOO tons of the value of 10(>.000.000 marks 

(£8,300,000). 

In other words, in 1913 about 27-3 per cent, (>f the total Chilean 
exports of nitrate w(*re im])orted into Germany. The year 1913 
showed a deeline in th(^ jmxluction of nitrate, as tlie Euro 2 )ean 
consumj)tion, whieli had inereased slc'adily, showed for the first 
time a slight d( ( line, namely. 1,810,000 tojis in 1913 ag.unst 1,930,000 
tons in 1912, This de(*liii(’ was shaivd by almost all the eonsuming , 
countries, amounting to about 85.000 tons in Germany, 30,000 tofi's 
in Fraiu^e, 15,000 tons in Holland, and 5,000 tons in Great iBrMa in. 
The ineie,^»s(*d e,onsum 2 )tion of thi Mediterraneat^* countries, of Bel- 
gium and of the CniU'd States did not completely eon] 2 )ensate for 
the decline in the above-imaitioned ^‘ountries, s*) that tlu* world's 
consiim 2 ^tion in 1913 was 2' 125, million tons, heing 75,000 tonsTess 
than in 1912 (2*5 million t(ms)^. Although this diminished con- 
sumption was t)artly due to the inereased j)riee of nitrate^ in 1913, 
due to deferred slii 2 )ment}f. The inereased synthetic j)roduction of 
nitrogen (huu pounds was certainly' a contributory cause. The w^orld’s 
production of calcuAn cyanamick* uas 153,000 tons ip 1912 and 

200.000 tons in 1913 ; the Norway jhtrate^])roduclion in 1913 was 
73.214 tons. The year.was also eharaederised by thj^ commencement 
of the 2 *i’<jduction of ammonia in () 2 ) 2 )au'; tlie •decline was also 
2)artly*due to an incjvase in life out 2 )ut of by-j)rodlict ammonia, the 
(krman 2 >roduction of ammonium suljdiate from ftiis source being 

492.000 tonji in 15^12 and 549.000 tons in 1 91 3. 

Since 1JU3 tlu^ Chilean nitrate industry has developed in quRe a 
remarkable inaniuf. At the outbreak id the War in 1914 a serious 
crisis occurred, due to the fact that Germany had vanished suddenly 
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as a large consumer. Jn 1916, however, the loss of the custom of the 
Central Powers was entirely neutralised by the growing demand 
from the United States, which was supplying munitions •fco the 
Entente. The continual decrease of the imports into Europe, on 
account of the German naval warfare in 1917 and 1918, made little 
difference \n this respect, so that the year 1917 was a record in pro- 
duction and 1918 a record in shipment. At the signing of the truce 
a new crisis in the nitrate industry occnirred, the stocks of nitrate in 
the countries of the Entente, which had been accumulated for the 
manufacture of ammunition, having been largely disposed of for agri- 
cultural purposes, and in 1919, then fore, the production and ship- 
ments from Cliile were very small. In 1920 business became more 
lively as the stocks gradually di clined. In January, 1920, 183,000 
tons were produced in Chile: 103,000 tons in September, 1919; 
and 162,000 tons in November, 1919. The stocks of nitrate on 
January 31st, 1920, were as follows : Europe, 150,000 tons (437,000 
tons on January 31st, 1914) ; Egypt, 396,500 tons (691,000 tons on 
January 31st, 1914) ; Chile. 1,327,000 tons (484,000 tons on January 
31st, 1914). The European imports in January were 212,000 tons. 
The followdng statistics summarise the position : — 


(3nle Nitrate Vrocluction. 


(Uiile Nitrate Shipments. 

J" mill, quin- 
tals of 4(i k^. 

In mill. tons. 


in mill, quin- 
tals of 40 kg. 

In mill. tons. 

60-3 

2-774 

1913 

59 5 

2*738 

53-5 

2-4 in ' 

1914 

(?)44-l 

?2-028 

3S-2 

1-757 

1915 

44-0 

2-023 

63-3 

2-912 

1916 

65-1 

2*990 

()5-2 

» 2*999 

1917 

00-4 

2*778 

61-2 

2-8 fr> 

1918 

65-6 

3-01 

35-3 

1-024 

1919 ' , 

19-7 

0*905 

49-94 

l•(>24 1 

Jan.;Noy., 1920 

53-92 i 

» ' 1 

i 

2-480 

(1920:00-2) (1920 : 2- 7 09)1 

- 

Shipimiih of ChUe NitreJe lo Europe, ami Arnerica in Millions of Tons 


nn 

' 1 , 

:] 1914 1915 

1910 , 1917 

inis ^ 1910 

Europe arid Egypt 

. 1 874 J'24r) 1-052 

1-033 1-063 

0-863 0-465 

United States [and other ^ 



( 

coiMitrieiO 

. ()-8t34 0-783 0-971 

J-.309 1-070 

2*jJ^8 0-440 

Stocks in Chile on 

December ' 

i 


Slst of each year 

. 0-170 0-195 0-202 * 

0-697 i 0-893 

0-819 1-661 
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In spite of the large consumption the visible stock in tl^e United 
States increased, and was 12?, 000 tons on December 31st, 1915, 
200,008 tons on December 31st, 191 6, •and 331,000 tons on Decem- 
ber 31st, 1917. These figures are expressive of the national endeavour 
to accumulate a f)ermanent reserve of 350,000 tons of Chile nitrate. 
They are reckoning in the ITnited States on a 45 per cent, increase 
in the production for agricultural purposes compared with the 
former peace consumption, quite apart from the con^^umption for 
war purposes. 

The resuit of the War has so far been to nullify any effect of 
the very great increase of the synthetic nitrogen industry on the 
Chilean conditions and it has caused a very great rise in prices. 


Prices per Quinta] of 40 kg. f.o.b. CliUeaii Ports 


Be fore the War, average 
1914, average 
1915 . . 

1910 

1917 

1918 

1919, average 
1 920 


.S‘. 

d. 

s. 

d. 

5 

3 to 

7 

6 

7 

0 



5 


9 

6 

7 


10 

0 

10 


14 

10 

11 

6 ,, 

12 

6 

10 

0 



15 

6 ,, 

il 

0 (Data from 


suppliers.) 


According to the view of certain producers, this rise iji prices, the 
diminution of stocks, and the increase in shipments, foresAadow a 
new favourable period for ( -hile irf 1920, which nntV only be interfered 
with by the crisis in which the whole world involved. 

War conditions and shortage of ?;}iipping Jiave increased freight 
charges from (^hile to an extraordinary extent. Before the War 
the freight per ton of C'hile nitrate was 20, s*. to hkiglish and 22-50 
mai^s to German poyts. Eeyly in 1920 freights were about £11 for 
steamers and £9 for sailingVessels, thus accounting for the very great 
increase in the pri(je^ for Chile mtrate. The English imc^es of Chile 
nitrate per ton were : £11 5rS’. 0(/. ^n 31st December, 1913*; £11 2s. 6c?. 
on 31st December, 1914; £16 os. for the^r^'fined product on 31st 
Decemb^^r, 1915; and •£2(i in March. 1920,^it ^aAiC^rixK)! for crude, 
and i^27 at the same port for refined nitrate. fUhese dropped to 
£25 lOs. and £26 at the end of April, but thgrc was very little 
agricultural demand at these prices. In Antwerp the price for stocks 
of nitrate iiose fiom 120 fr. per 100 kg. ii^the middle of March, 1920, 
to 145 fr**at the §nd of April, and si)ring deliveries in 1921 Were 
offered, at 130 fr. 

These movements of prices are of some importance for Germany, 
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as limitfd quantities of Chile nitrate were already imported in the 
spring of 1920, and also because, i^ the bad industrial situation in 
regard to the sii2:)ply of coal, etc., continues, further imports of 
Chile nitrate will be required, in sjate of the considerable activity 
of 4he atmosj)h(Ti(! nitrogiui industry, in order t6 alleviate the most 
urgent agricultural difficulti(‘s. The German stocks of Chdo nitrate 
before the War. on August 1st, 1914, were al)<)ut 100,000 tons. 

In 1907-8 ih(' conditiem of tlu^ nitrogen market was extra- 
ordinarily unstable, in coiisequeiu'-e of unsound business conditions, 
inflated ])romotion, and overqu’oduction in Chile. As a consequence, 
a considerable number of almost obsolete works in Chile had to 
close. In 1910 53 out of 157 works were closed. At the outbreak 
of war there were in Chile 170 works, tiie number of which in- 
creased to 173 during 1910-17. The following figures indicate the 
jiosition : — 


On August 31st, 1914 
On February 1st, 11)15 


July, 1915 
March, 1910 
April, 1910 . 
November, 1910 
'De(;emb(‘r, 1910 
November, 1917 
Dccemier. 1917 


134 refiiKTics were working 
40 rehn(Ti(‘s were working, of which a 
larg(‘ number wtTc only on half 
{)rodu(5tion. 

01 r(^fineries wen' workifjg. 

117 
1 LO 
109 
123 
111 

All refineries were working whicli were 
able to obtain sullicaent fViel. su])pli('s ; 
in the Antofagasta 'dislricd only a few 
\\vrv (^los(*d ; in Tara])aca a few new^ 
comj)anies had (commenced working. 


% 

At the end (J 191 S and the comnu'iicement of 1919, almost all the 
reiineries were c1os(m 1. ^ t 

In 0(dc)b(T, 1919, tw'o-thirds of tfi(‘ *relineri(’s W(‘re still closed, 
but from tliat daU' onwards tliere^was an imi)rovement in the pro- 
duction. ^ < 

The works existing to-day have a total output (capacity with 
intensive workiiig (J 4<;500,000 tc) 5,000,000. tons ])er annum. The 
profits of someufHlu* companies are shown in the table on p. 15. 

A large pro])ohion (J’ the nitrate initerests w<ir/* in English hands — 
for examj)le, Amelia. (Vilorado, Lagunas Nitrate, Liver])()ol Nitrate, 
London Nitrate, Pan d(‘ Azucar. Santa ('atalina, Tarapi^ica & Toco- 
2 )illa Nitrate, Libia Nilrat(‘, ajul others, lie cent atternjritJs at amal- 
gamation may be interpreted as attem])ts to meet the competition 
of the atm 082 )heric nitrogen industry. 
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Angela 

Aguas Blancas . 
Anglo -Chi lean . 
Fortuna . 
Lagunas Nitrate 
Laularo » . 
New Pace ha 
Rosario . 

Salar del Carmen 
San Lorenzo 
San Sebastian 
Santa Rita 
Tarapacd 


Percentage DiirideniU 


I 191G 


2H 

10 

25 

10 

10 

18 

7i 

15 

15 

25 

10 

2 * 


1917® 


25 

LLl 

25 

10 

24 
15 
17.1 
35 

25 

21 

15 


1918 

30 

10 

15 

2 (?) 

IS 

10 


1919 


20 


5 ('()' 

10 , 


(Ix)ss £18,121) 

I () per cent. 

5 j)er cent. 
! (Loss £30,890) 


German interests in the Chilean nitiate industry are very 
important. H. B. Slornan & (\). A.G. (Hamburg) are the owners 
of five refineries ; together with the (Serman nitrate refineries, 
hYilsch & Martin Naelif. A.G. and the Saltpeterwerken Gildemeister 
A.G. (Hamburg), they produced one-vsevonth of the li>ial Chilean 
productioji. Tlie Augusta -V'^iktoria A.G. recommenced manufacture^^ 
in 1910-17. The German refineries suffered ])articiilarly through 
the fluctuating exchanges. A considerable period was rfcpannl 
in order he i)ver(H)me the difficulties arising fr'>m the fact that 
those c.omjianies which were placed on the Ljiglish black li.st were 
unable to obtain jut(‘ sac^ks. A ruiiQour that the Allies intended 
to buy u|) all shares and rights of the ({(Tiij^an firms in (Tiile 
W'as not conlirmed. On the ^)ther hand, negotiatit^ns lasting over 
several months ended in 1920 in the sale of cc’rlain (h-rmafi nitrate 
mines, namely Augusta-V'ikloria. A.G. Bremen, and A.G. Gilde- 
meister & (Vj., to the Oestasiatisk Comjiany of (l)]K‘nhagen. The 
Slornan A.G. interests also , trai^sf erred a portion of ^ their pro- 
perty to a new^ (3iilean company in Ahdparaiso for Ki, 230,000 marks. 
The above-mentioned Danish comjiany inteiW. to found an auxiliary 
company *w Inch will exploit the Jiitrate lields, jfuifikis intended that 
this slAll mainly supply the whole.sale exports to Siam, rlapan and 
China. The bonds of the nitrate c.ompanies shared in*the c onsiderable 
rise of all securities ; the Slornan shar(‘s were sold in Novcuuber, 1919. 
at 1,220 p^f cent, (presumably of the par value). The dividends on 
the Slornan shares ^ere 30 per cent, in 1913 ; 15 per Cfuit. in 1914, 
30 per cent, in 1918, and 10 per cent, in 1919. The Gildemeister A.G. 
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paid net dividend in 1914, but 10 per cent, in 1913, and 15 per cent, 
in 1915, 1916 and 1917. Folsch & Martin A.G. paid 6 per cent, in 
1917, 0 2 )er cent, in 1918 ; tlie share capital of this company is mainly 
the properj^y of the Bund Deutscher Landwirte (Union of Grerman 
Landed Proprietors). This c<)mpany has recently applied for a 
considerable increase of cajhtal for the purposes of development. 
The Gorman producers have joined the Chilean syndicate (1920). 

The most important American (company wliich operates in Chile 
is the Du Pont do Nemours Powder Company. Latterly Japanese 
cajutal has also been inv(\sted in Chile. Japanese imports of nitrate 
were 24,000 tons in 1914, and 53,000 tons in 1917. Italian interests 
are nov^ also active. On the other hand, several English companies, 
such as the Fortuna Nitrate Conipany, the Arauco Company and the 
Alianza Nitrate Com])any have disposed of their interests to Chilean 
purchasers (1920). These arrangements have largely been caused by 
the high British imome tax and the unfavourable state of the rate 
of ex(;hange between the pound sterling and the (Jiilean peso. 
According to English n‘ ports, the nitrate railways — for instance, the 
lqjiiqu('-Pisagua Railway, the An tesfagast a -Bolivia Railway, etc. — 
])aid no dividends in 1919. Their main traffic consists of the trans- 
port of nitrate from tlie ])roducing centres to the (liilean ports. 

During the War a central ])urchasing office for the Entente was 
established in London. The Association of Nitrate Producers may to 
some extent be considered as a counter-measure. It was formed in 
January, 1919, and included 73 })er cent, of the nJineries. In the 
first instance llu^ following comj)anies remained outside- the union, 
namely, the Antofagasta and Union (Vimjiani’es, which contribute 
10 J per cent, of the jiroductFon, and the (hrman companies, which 
contribute 13i per cent, of the production. At a later date the 
combination ctmtrolled 85 per cent, of the production and was known 
as the “ Association vSalitera de Ghile “ of Valparaiso. A State*rnono- 
poly of the sale of nitrate was ])ropo?;('d, but was not established. 
The Association of Nitrate P^odpeers was to continue in the first 
instance lentil 30th June, 1921'. ' . * 

The attitude of tlK\,(Ihlean nitrate ju-oducers to tlie atmospheric 
nitrogen indust^yps oi great interest. At first they did not consider 
the synthetic pl'ocesses to be abh^ to (romjiete, but latterly tlu'y had 
to take another vicM'. Th(^ end(‘avours of the ..German nitrate firms 
to dispose ci their Chilean interests showed how unfavourably they 
viewed the future f»f Glii^e* nitrate. The production an<J sale of Chile 
nitrate is at present (;hara(;terised by a greatly increasefi demand in 
Spain and Japan (150 4o 200 per cent, more than formerly) in the 
Netherlands (40 to 50 per cent, increase), in Poland, C^zecho-Slovakia 



17 


ORGANISATION OF THE INDUSTRY* 

and the United States, and also by attempts to improve the methods 
of manufacture. The production ^f nitrate in#Chile is also eiicmiraged 
by the f§ct that tlie German nitrogen works are unable to produce 
tf) the extent originally intcftided on account of external difficulties, 
and that large plantg w}ii(*h were erected in the United St^ites during 
the War .seem to be considered there as a sort of war reserve, and 
have been closed. Thus the only serious competitors remaining 
are Norway, France and possibly Switzerland or England, but these do 
not seem lik(*ly to be (d serious influence for the time being. Cliilean 
experts estinuUe the annual demand (d Europe for the next few 
years to reach about 1,000,000 tons. The exjxu’ts to Europe and 
Egypt in F.M.'l were' 1,874,000 tons ; America is expected to absorb 

500.000 tons to (iOO.OOO tons, and Japan and the remaining countries 

200.000 tons to .‘100,000 tons. (The exports to America and other 
c.ountri(‘s in 1008 were 804,000 tons.) The prospects are considered 
to be favoiiral)l('. Th(‘ further develoxmients of the world's nitrogen 
]m)d action may ])i*ove to be in accord both with this view and 
with the \dew of the (k'rman companies in Chile, in so far as the 
demand for nitrogen in the impoverished (countries, more particularly 
th(jse of Euro])(*, may be exxx'ctxid to be so large that for the time 
being they will be abh' to absorb the out]nit of all the x>n)ducing 
grou))s. For this rc*ason there will probabkv bo no rei 1 npetition 
between tht‘ natural and th(' manufactured j)r(>ductsf()r the time being- 
J8iere is much more likely to be a clear line of demarcation betwa^en* 
highly d<‘velo])ed industrial .states with tlieir own atmo!^])hcric. 
nitrogeui indiistry and flourishing coke-oven by-product industries, 
such as ({(‘rniany, ^ind (u>untri(‘s which are ))ut little developed 
industi'ially, but of gr(‘at future agricultural importianc-e. The former 
wall di,saj)pear as consumers of (tiile nitrate, xx^‘hax)s after an int^'r- 
mediate jieriod, and may even, under circumstances, Jiclj) to sup^ily 
neighbouring countries ; the others, ondhe other hand, will become 
largi i* consumers to the degree to which tliey resort to artificial 
fertilisation. Any anticipations of an over-producdioji of nitrogen 
(.ompounds will ])roUJ)ly, thercfole, not be realised for the jireseiit. 
At the moment, Jiowever, the demand for (/liile nitrate ha.^ decreased 
in coirsecxneiue of the general comu'ercial erfr^ff. 

Attempts to imx>rove Ihe nudhods of produc.tio* irt Chile find their 
main oKjiression in the foriuiition of the “ Intiitute Cieritifici 
Industrial del Salitre^’ (llUO) by the industrial nitrate magnates ; 
the aim of this institution is the study of all questions connected 
with the ipfl^ate fndustry. The j)re.sent ftiethods of leaching the 
caliche leave consid^fable quantities of nitrate in the residue. The 
X)ulp wdiich is so obtained, knowm as “ borra," is so rich in nitrate and 
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in clay -like material that only 50 to 60 per cent, of the nitrate in the 
caliche i?; recovered as crystallised serJium nitrate, and the remainder 
is lost. The old process of boiling is very wasteful, even though no 
evaporation is required. It has thenVorc been rt‘placed on an 
increasing s\;ale l)y other methods which are used in cyanide leaching. 
The Agua Santa refineries in Tarapacui inaele experiments on these 
lines in 1015. Jn Chile, first they used simple tube mills and washed 
the slimes in Butters filters. W. 11. Grace & Co. used Burt filters, 
and tile Oficiiia Peregrina, in Toko, also used Butters filters. At 
first the Shanks pro(i(\ss was still used for the coarser material, whilst 
the fiiK^ mat( rial only was treated by the new methods. The process 
adoj)t('d by iJie Englisli firm of Gibbs & (h. appears tf) be better. 
It is described by J. B. Hobsbawn and J. L. Grigioni (J. L. Merriam) 
in a j)ani])hlet. It depends on leaching with the help of the Dorr 
elassifu r, working on the counter-current principle, and also making 
us(' of rotary Oliver filters, and finally of vacuum pans. The first 
ex|)crimenf al installation of this kind, which was sold to the Italian 
(government, was cn cted in London in 1014. The Oficina (Hia has 
])een working th(‘ (iribbs process on a large scale near Antofagasta 
since* T)ec('mber, 1017, and Donald F. Irvin has published very 
important technical and economic details of the process.^ The (^a dc 
Salitr(’s dc Ante fagasta also uses Oliver filt( rs. The Oficina (Vistina 
mer(‘ly ])ercohites tin* leaching liquors through the caliche. Various 
otlur rcliiuries are cxjk rimenting Avith high-speed centrifuges in 
order raj)idly to separate the* slimes frcjin the solutiem. Praehe & 
Btniillon woik with a j)ro(;ess, flu* eletails ef which aro not known, 
by wdiich th(*y aiv said te) recover 17-2 peT cent, (d nitrate from an 
IS j)er e;(*nt. caliche - that is, with a yield of 05-55 2 X‘r cent., with 
gruatly rediie*(al werking e osts. Dr. Eeluardo Oharmo claims to have 
still furthe*]* leajnccd the costs by bis juaicess. which de* 2 )emds on the 
])re^(*i])itation of nitrate froin the cold me)thcr-lie 2 iior. A modern 
lea(*liing installation is dcvscribcHl bj^ (). Brtinler in German j)at. 
2S(‘>,742 ■. see also IhS. j)at. 1,065,053 and British j)ats. 23,591 and 
2(>.O5();1012. 

^Neither th(' methods of obtaining the raw mate^rial, which at 
2)resent l(*ad to the V)Ss of the whole e)f the more finely divieleel 
I)ortion,nor tlie^' ef usliing by means of Blake ro(;k breakers are by 
any means in conformity w itli modcin practice. The Du ¥ont de 
Nemours Powdbr Company has recently introcluced the use of steam 
ex(;avators in order to reduce the cost of working. 

Whilst fear of conijx'lition from the synthetic* nitrogen industry 
thus acted as the final incentive to improve**thc old *methods of 
1 Journal, 105,987, 1st June, 1918: 
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production, the dearth of potash in countries cut off from the German 
supplies led to more attention b«ing paid in* Chile to the production 
of potasiium nitrate as a by-product, "fhe results are quite remark- 
able. The Vice-President (A the Du Pont Nitrate Company reported 
on this matter to the mee^ting of the Delaware section of tlfe Americjin 
Chemical Society. There is a dispute as to priority regarding the 
process between the Du Pont Company and R. Nordenflycht, 
engineer, of Vina del Mar ; it depends on the separation of potassium 
nitrate from sodium nitrate mother-liquors by cooling. Tt is said 
that four to ftve storage vats for the liquor and one refrigerating 
machifie suffice to produce potassium nitrate at 20 to 30 cents per 
kilogram. The Du Pont (.V)mpany, which only accounts for about 
1 per cent, of the Chilean nitrate production, produces 10,000 tons 
annually of a material containing 25 per cent, of potassium nitrate 
(approximately 1,200 tons of KgO). It is calculated that by improv- 
ing this process, which can at present only recover onc-thiriT of the 
potash contents of the nitrate, the total Chilean production of such 
a product would amount to 720,000 tons per annum (--- 86,400 tons 
of KgO). The highest potash contents, namely, 1 to 6 per cent., 
are contained in the caliche of the districts of Tarapac^, Taltal, 
Antofagasta, and Tocof)illa, Nordenflycht states that the calcareous 
leaching residues from at k^ast 100 of the Chilean reliix* contain 
1 to 2 per cent, of KN();i, and that 600,000 tons of potaSvsium nitrate 
are annually rejected In these residues. The Blanco Encalada 
Refinery, near Antofagasta, obtains 2 tons of potassium nitrate per 
day from the. mother-liquor, and tl^e Oficina Celia maintains a similar 
prodiiction. The »ctual x^roduction of x^otassium nitrate of the 
whole Chilc^an industry only amounted to 1,100 t(fns in the last two 
years, but it is said that 13,500 tons of 99 x^t'r cent, quality have b«en 
sold for delivery in tlune, 1920, to the United Stal;es., 

Paul Menge ^ considers in detail tht3 x>ioblem of combining the 
ammonia soda proces^j with •the leaching of caliche, by passing 
ammonia and carbon dioxide into the solution of the nitrate in order 
to effect the folio wiif]^ changes ^ 

NH3 + CO2 I H2O NH^HCOs 

NH^bKU;,' 1 NaNOg - NaHCOa -r NJIJSIOa. 

The ymld of ammonium nitratt which was obtaineS experimentally 
amounted to 63 to 7f)*per cent. only. It is x>robable^hat the utilisa- 
tion of the process on the large scale would be attended with almost 
insuperably^ flifficiflties. 

^ P. Menge, “ t)ber die Frage der Herstellung von Aminonnitrat u.s.w ” (On the 
Question Ammonium Nitrate Production, etc.), Langen-Salza, Wendt und Klauwell. 

2—2 
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Supplement, 1921-24 

A very large amount of statistical material will be found in 
Chern. Zig., 1921, 128, 132 1922, 84, H7, 264, 464, 472, 524, 691, 

1171 ; 1923^84, 107, 176, 199, 256, 285, 355, 364, 455, 492, 520, 537, 
592, 612, 688, 699, 739, 748, 764, 792, 824 ; 1924, .'>9 ; UUm. Industrie 
1923, 667"; 1924, 20 ; MeMUmrse. 1923, 61, 112, 208, 839, 935, 1609. 

Tlic United States continue to b(' large buyers in spite of the 
gradual disposal of their war stocks. C)ii the other hand, the supply 
* to (German V' nmiains very small com 2 )arec] with that before 1924. 

Statements on th(‘ Chilean production vary, but the following 
figures are approximately corivct : — 


Tons. Tons. 


1915 

. 1,703,0.39 

1920 

. 2,534,728 

1910 

2,914, .i42 

1921 

. 1,321,000 

1917 

3,011,811 

1922 

. 1,068,000 

]9l8 

2,875,902 

1923 

. 1 ,900,000 

1919 

1,085,708 



The following 

articles discuss 

the economic 

position in Chile 


C/mniral and MetaUnrgiral Engineering, 22 (1920), p. 1207; 
22, p. 655 ; 23, p. 339. 

Chemical and Technical Summary in Chem. Ztg., 1921, 117. 

The following patents relating to improvements in the methods 
,..of manufactnre are important (Che.m. Ztg., 1922, 1032) ; U.S.A. 
])ats. 1,356,806 and 1,357,273 ; British pat. 182,859/1922. 

Bu1)i"er's leaching jmicess : MetalJhorse. 1923, pp. 318, 558. 
General articles on measures t«.ken in Chile for the iflevelopment 
of the indiistiy : (dieni. Ztg., 1922, 105 ; 1923, 199, 432, 834 ; (Jhem. 
Industrie, 1923, tho, 556, 60? , 639 ; MclaUhwse, 1923, 552, 907, 
109 ^. 
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PART I 

HISTORICAL AND ECONOMIC SECTION 

CHAPTER HI 

The Development of the Atmospheric Nitrogen Industry in 
Germany and its Economic Foundations 

The cxceptioTial difficulties with which the uitrogen industry and 
agriculture were faced in G(‘rmany on the unexpected outlm'ak of 
war in August, 1014, will be obvious if we coin 2 )are with the home 
jmxluction the iin 2 )orts of Chile nitrate which suddenly disa]) 2 )eared, 
and which amounted in 1013 to 740,800 tons, containing about 
15*5 2 )er cent, of nitrogen, approximately etpiivalent to 1 10,000 tons 
of nitrogen. In 1013 the internal production consisted mainly 
of 540,000 Ions of ammonium sulphate, of which 85 ])er cent, was 
sui)i)licd by coke ovens end 15 per cent, by gas worKs These two 
sources together 2 )roduced 100.800 tons of nitrogen as ammonium^ 
sul])hate containing 20 per cent, of nitrogen. Tlu‘re were also pro- 
duced in Cermany about 24,000 tons of calcium cyanamide ronfain- 
ing 20 per cent, (jf nitrogcji, equivakmt to 4,800 tons of nitrogen, 
and about 20,00(r toiis of Haber ammoniuni suljdiate containing 
20 ])cr cemt. of nitrng(‘n, eijuivalent 4o 4,000 toifs of nitrogen. The 
total German consumption of nitrogen comjxiunds in 1013 is ^^ven 

in the following table - • 

• Tons of Nitrogen. 

•(1) Ammonium f^uljdiatt^ about 4 00,000 tons 02,000 

(2) Norwegian salt 2 )el*re (im])orts), 35,000 

tons . . . • • 4,500 

(3) Calcium cyfljiamide. 30*000 to 50,000 

tons 0,(ft)0 to 10,000 

(4) Haber ammoniuni sulphat(‘. aixfut 

. 20,000 tons . . . • * , 4,000 

..Total ! . 100.500 

To this must be added : — 

• • 

(5) Chile nitrate, 746,800 tons . 1 16,000 


Grand total, about 


222,500 
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This coF.sumption in tlifae of peace was ]3artially met by a home 

production of : — ^ 

' I Tons of 


' Tons. Nitrogen. 

(1) By-product ammonium sulphate from 

coke ovens, (dc. .... 549,000 = 119,800 

(2) Haber ammonium sulphate . 20,000 — 4,000 

(3) (\alcium (^yanamide. about . 24,000 = 4,800 


Total . . 128,600 


This is on the assumption tliat all (exports ceased and that neither 
Norwegian nitrate nor calcium cyanamide could be imported from 
abroad. As is w(41 l<7iow]i, these were the acdual conditions. 

A survey of the dev(‘lopment of the German trade in fertilisers is 


given by the following table : — 

Imports in Tons 

Janiiarv-August. 1920 . . 25.930 

January August, 1913 . 41,442 

Exports in Tons 

January August. 1920 . 5,510 

January-August, 1913 . . 68,237 

Exports in Mitt ions of Marks 

January -August, 1920 . . . 3-4 


According to Ganiille Matignon, the stocks pf Chile nitrate at 
German i)orts on 1st August, 1914, were 45,000 tons ; the stocks of 
aniyionium sulphate .were more than 100,000 tons. To these must 
be added tlu‘ (^uaiftitics which were already in the hands of eon- 
sunuTs, whicli were not very large — perhaps al>out 55,000 tons of 
nitrate — and finally the stocks which wth' captured in Antfvt'rp, 
Ostend, Ghent, and Bruges, altogether 32,000 tons of nitrate. Tlie 
military recpiirements, which incrt‘ased at a^ tex tra ordinary rate, 
caused thesV stocks to disa 2 )])ear extremely (piickly, although at first 
the relationship Ix^twcer. supply and demand aj)peared fairly satis- 
factory. Walthcr Rathenau, who took over the administration of the 
“ Departmeiit foi; Military Raw Mater^ls '' in August, 1914, dei'cribed 
the whole })Ositieii at that tinu* in a pa]>er wfifch he read on 20th 
December, 1915, before' the G(‘rman Society of 1914 ” as follows : 

September arrived and (lu* War developed. We fepeafecjly carried 
out our calculations, and always compared them with the ihforrnation 
supplied by the consuming centres. We repeatedly obtained the 
answer, ‘The demand is covered.’ We were then suddenly worried 
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by the consideration, ‘ How shall wc stand if the War on the Eastern 
front attains the same dimension as in the West ? ’ ' Or if ftie War 
becomes more severe and myre widely developed than we can imagine 
at present, what shall wc do then about nitrogen supplies ? ’ No 
solution cf)uld be fotind to these questions. It was a hojfvy mornipg 
on which 1 explaificd the position to tlie acting Minister of* War ajid 
asked ])ermission to allow an indefinite number of chemical worlds to 
be erected, that is to say, as many as the chemical industry could 
manage. The Minister of War, His Ex<;el]ency Von Wandel, in his 
broad-mind('d, (|uiet and determined manner, immediately gave 
authorisation to enter into negotiations with tlu* cdieinical industry. 
Exceedingly valuable j)i\ liiti inary work (d‘ a technical character had 
already lu’cn carried out. Prcicssors Fischer and Haber had worked 
out the prohkun of nitrate jjroduction on a very large scale in a man- 
ner for which we arc greally indeldcd, rnul the chemical industry Avas 
not in the least surprised Avhen it was fa(^ed with the problem (jf 
undertaking thcs(‘ manufactures. The erection (i a considerable 
juimber of works Avas agrec'd to, and tlie chemical industry was so 
confident and trustful that they agreed that the w^ork should be 
started before 1 was in a ])osition to send tluun the agreement con- 
firmed by tlie Treasury. The A\orks AA-ere roofe'd in licfore the agree- 
ment was signed -that Is, at about Christmas. Tie i dustry (i 
atrnosjiherie nitrogen hac* become a German industry, a world 
probkun had bec'n solved, and the most serious War danger d 
t(‘chnical character had been prevented. The industry Avlvch Avas 
brouglit into being under the indent nccH'ssity of war is to-day a 
beneficent fa(*tor ni German agriculture. Tin* atmospheric nitrogen 
works, coke ovens, and gas works succeeded in ?;atisfying the enor- 
mously increasing diunands, so that tlu* nitratV blo(‘.kade, which^Avas 
very soon cffiCtive, Avas unable to jiroduce v(‘ry devastating results. 
Only 3,940 tons of nitrate (uitcTcd Germany from August to Heitember 
of 1914.” 

The statistics given aboA^e pidicate a total demand of 222,500 
tons of nitrate annufdly. Of thi.^*d('mand at h'ast 200,000 tons wa‘re 
utilised by agriculture. During the Wai'^the agricultural interests 
had to content themselves with 100,000 toni; of nitrogen per annum, 
and after the close of the War tliis figure' unfgrtunately did not 
increase at such a rate as woflid have been desirable in the interests 
of the food supply ( f the German nation. It is ccrmmonly assumed 
that German agriculture could manage cpiite succissfully w5th about 
half the*Jiormal (quantity (f nitrogenous firtilisers — ^that is, with 
100,000 tons of nifrogen instead of the former quantity, 200,000 tons 
annually. Neubauer, of Bonn, has shoAvn in the Zeitsch. J\ angew 
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6^Aem.,^UH9, II., 437, that these calculations are erroneous. He 
bases his views on the very careful statistics (>i Kuezynski ayd Zuntz 
in the 0th volume of the Gcmeral Stv^tistical An^hives " for the 
year 1015, according to which Germany imi)orted 180,000 tons of 
nitrogen in 1013 in the form if valual)le fdodstulfs, including, 
for ('xatnple, 3,000,000 tons (if barley from Russia. Now, if 
we introduce 100 parts of nitrogen into the soil as a fertiliser, we 
do not obtain a return of more than at most 50 parts as vegetable 
albumen, so that in ordm* to produce intc'rnally^ these 180,000 
tons of nitrog(‘n in food it would be necessary to em])loy twice 
180,000 (= 300, 00()) ton> of nitrogcai in hrlilisers, additionally to 
the amount normally used in tim(‘ of peace for agriculture.^ By 
using 100 kg. cd Chile nitrate ]ht h('ctaj‘(‘ of agricultural land, an 
increased ('rop is produced of 300 to 400 kg. of grain ; therefore, at 
least 750,000 tons of Chile nitrate would theondieally l)(‘ ntH^essary 
in ord('r to noplace the 3,0(»0,000 tons ( f importc'd Russian fodd(‘r 
barley. We can sec‘ from th(‘se considerations how large' tlu' G(‘rman 
demands for nitrat(‘s r(‘ally are, and what an extraordinarily funda- 
mental reaction the lack ()f nitrogen has had, and must in the future 
have, on the whole question of nutrition : — 

(rcrnian . igrirnJftnr 

nhc,»riia:i> wd in IDlli. 'inns (ii 

X J( ini^cli 

At lea‘^t 20U,fKMM()iis of riitroL'^on iii Icrtili- i 2oU,U(M) tmi.s of ainmoimim sul- 

scis ; and ’ pliafc* nU.OUU 

ISU.UOO tons ot Hit ro^tMi in foddoi , ' SmiIIh'Iic prodiuth (>0,0()U 

(■«»rri‘spoiidiii<i to a tiirilior ** In small (pia nt it u's of inipoit(*d 
tons of nitroiiciioiis nuinnif ! loddi i, abonf ' 5,U()U 

I ' 

Total I i tons of mlroiion. Total aland . Mo.UOU 

al)out / . - - 

h 

Naturally, in'tliis table only import c*d fodd('r has bet'ii considered, 
and the iiunuTCct assum]di(m has also l^een mad(‘ that the us(' of furm- 
yard manurt' is as extensive as in j)re-w'ar times, also that the other 
circumstances— for exam])le, th(‘ hd^nd food suj^qjies hav(‘ remained 
the same* a§ Indore. This very un?.atisfa(dory balance also shows the 
extreme importance o^ ^he G(*rmau atmosjilu'ric nitrogen industry, 
which produces ^,500,000 tons of lixed niti'ogt'ji per year, Ipjt might 
havt‘ xmxluced nrach more had it not bet'ii foi* the many interferences 
with production which have oceunvd since the»U(‘Volution. In 1020 
the conditions improved. At Eastc'r, 1021, there were. houTwer, 
further difficulties caused^by the communistic riot>; at b/c una. The 
poor output during th(‘ last f(*w years cannot, however, detract from 

^ The aaaumjitinn ia horo iimdo that tin' sod is t-apablc of prodiu'ing tlH'se’incrcaacd 
bar vests. 
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the enormous services rendered by the German atnn^spheric nitrogen 
industrj^. These were recognised by the presejitation of the 
Liebig Medal of the Veroi-ii Deutscher’ ClKuniker to F. Haber in 
1014 and to C. Bosch in 1910, by the award of an Honorary 
Doctorate to N. Caro in 1021, and, finally, by the still mdre 
brilliant recognition through the award of th(^ Nobel Prize to F. 
Haber in 1018. 

The calcium eyanamide industry was tln^ first of the nitrogen 
fixation industries to be carri(‘d out o!i a commercial scale in Ger- 
many. In the course of a critical study of the fixation of atmospheric 
nitrogen, A. Frank and N. Caro ^ came to the conclusion that in the 
usual synthesis of (;yanide, carbide might possibly be formed as an 
intermediate jmxluct, which might perhaps itself be (^a-})able of 
fixing nitn)gen. A year previously, in 1804. H. Moissan unsuccess- 
fully attempted to nitrogenise jmn* calcium carbide at 1,200^ (!., but, 
in spite of this, the conclusir)!! of A. Frank and N. (hro })roved to be 
correc^t. Th(\y sliowed in German pat. SS,3()3 that under cx'rtain 
conditions fixation of nitrogen occurred. At that tinu^ tliey assumed 
that the reaction followed the following e(piation : — 

(ta(\, I No- (h.((^N),, 

and, in co-opc‘ration with the younger Frardc. tlu^y iiKidc* a more 
careful study of tJu^ conditions, hoj)ing to produce* a more ])racticabl(’ 
and (*conomi(* method of pre])aring cyanide*. - The Dynainit-A.G. 
vorin. Alfred Nobe*! & Co., ITamburg, (‘re*cte*d an exjKTimenb^l plant 
unclear the direx'tion of Frank and^ Care), in order to investigate the 
proce'ss techn ically r 

A later German j)atent. No. 02,587, which uses ammonia as a 
source of nitrogen, was mainly taken out as>a })rotection against 
imitation. Although the first technical attempt to ^ix atmospheric 
nitro^eni directly faik*d, Frank and Caro followed up their idea, 
energetically (GermaO i)at,. r/5,()()0), and first combined for this 
j)urpose with the Siemens and TTalske A.(b in Berlin.^ IT. Mehner 
had carried out a i;c*«'ies of expmments jointly with Siemens and 
Halske, and with Schlutius at Halle, with the object of tixing 
nitrogen, not l)y finished carbide, but by aso-l*^iled carbide-generating 
mixture, •that is, by a mixtine of calcium or 'barium carbonate and 

coal heated to a high tem])er)jtture in the el ectric,^ furnace.'* They 

• • 

j 

^ (’ornjmre N. (Wo, “ Die Synth etiseheu Methoden dor ('yaiikHliunifabrikaiion," 
Chew. JtkL. ISa'), No^. 12/13; Zeitsrh. f. nugew. Chew., JiUm, p.' loOO ; Siebner, Chew. 
Zfg., 1913, pp. fC57, UT73. > 

H. \Vn(%er, “ Fortschrido dor nriorf;aiiis<‘hon ( irosKiiubistric- in den .laliron 1905 bis 
191?,” Chew. 1913, fTos. 1 1<‘ f.> im/lor). 

(\ IV’Ji'iiss, in ininiann’s “ Fneyi'lopa'dia, ’ vol, in. (I!H()), pp.^205-222. 

^ (t. Krlwein, Zeitsch. f. nmjew. ('he.w.y 1903, j»p. 520, o33, 537 ; Zeituch. f. hlcktio- 
chewie, 1900, pp. 551, 065. 
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also endeavoured to atmospheric nitrogen by a tubular carbon 
cathode in an electrolysed barium cyanide melt (German pats. 
91,814, 94,493, 151,044). These experii^ients, the technicaf portion 
of which vjas carried out by a Stickstoffgesellschaft ” founded in 
Berlin in 1905, did not achieve the desired results. Frank and Caro 
and Siemens and Halske A.G. had also arrived at similar results. The 
“ Sienu‘ns ('ompound " w hich was obtained, contained a maximum 
of 12 to 14 p('r cent, nitrogen. Neitlier did the investigations of the 
Badis(4ie-Anilin- und S(ala-fabrik lead to a satisfactory result 
(German ])ats 149,803 and 190,955). 

Further investigations carried out i>y A. Frank and N. (Wo, 
the l)ynamit-A.(k vorm. Alfred Nobel & Co., of Hamburg, H. 
Melincr, F. Rothc, H. t^'cudenberg and Sienu'ns and Halske A.G., 
Berlin, togetlu'r with Frhvein and X'oigt, wtTC nuicli mor(‘ iTni)ortant. 
In the Avinter of 1895-90. F. Rot he had studied the nitrogenation of 
carbide with th(‘ firm of A. Beringer & Scihne of (liarlottenburg. 
The lattiT firm, howe\HT, were unable to comj)lete their ])atent 
a]) 2 )lication, B. 20, 334, wdiich em])hasised the us(‘ of dry, pure nitrogen, 
in 1897, F. Roth(' ent(Ted the service of A. Frank a.nd N. CViro in 
order to work in accordance AAith their instructions, and more 
particularly in order to st'arch for the sup 2 >osed cyanamides. In the 
s])ring of 1898. it Avas 2)roved that the carbides of the alkaline earths 
••and nitrogen did not aclualiy form cyanides, but cyanamides, 
according to the folloAving ccjuation : - 

B i( 2 -] N. - Ba(^N., I C. 

Th(' results of these investigations ai(‘ eifjhodic'd in Gcu’man 
])ats. li)8,971, H\),087 and * H>,0S8, The hdlowing f)bservations, 
w^hich w('re of importance for the large industry Avhich resulte d, w^eTi* 
then made, tt was found that (*yanamide was mainly produce'd 
Avhen thin layers of finely 'ground carbide were nitrogeTiisee^, and 
that, on th(‘ cdlier hand, cyaniele is obtained* from coarsely crushed 
carbide : also that barium carbide is more inedined to the formation 
of cyanide, whilst cakaum carbyle mainly f^/rms cyanamide, and, 
finally, that the most favourable reaction temperature when using 
barium carbide is 70<rito 809'' C., and with calcium carbide 1,000° to 
1,100'’ C. It w«is*also found that a])art from the maih reaction 
described abo\a* under circumstance's, the fojlowing reactiefns may 
also occur : — * 

(Vi(^2 + No-(a((^N), 

+ N - Gat^No + ((^N)* 

The occurrcmce of these latter reactions is (Muifinned by the fact that 
paracyanogen is occasionally formed. During these investigations 
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attention was exclusively directed to the production of cyanide. 
Finally, ^e Cyanidgesellschaft G.m.b.H.^ of Berlin was founded on 
July 29th, 1899, by A, Franjjt, N. Caro, Siemens & Halske A.G., and 
the Deutsche Gold- und Silberscheideanstalt of Fran]^fort-a.-M. 
The Scheideanstalt Iiad already investigated these same problems 
independently. The associated interests having thus been con- 
solidated, work was carried out on the experimental plant of the 
Scheideanstalt as follows : Barium carbide was treated with nitrogen 
in closed iron ij^torts at a red heat, the reaction product fused with 
sodium carbonate, and the resultant mass leached. The barium 
carbonate thus reproduced was returned to the process ; the sodium 
cyanide was converted into potassium ft'rrocyanide })y tn^atment 
with iron carbonate atid the resultant solution evaporated in vacAW. 
Attention was ultimately diverted from the barium compound to the 
cheaper calcium carbide, mainly at the instigation of the head chemist 
of the Scheideanstalt, Dr. Pfleger. (Cyanide, which was obtained as 
above, was d(*composed wath hydrochloric acid, and the prussic acid 
which was obtained was absorbed in sodium or potassium hydroxide 
solution. Increasing attention w^as meanwhile directed to those 
remarkable intermediate products, the cyanamides. H. Freuden- 
berg, the research chennst of the Scheideanstalt, ari / V. Frank, 
independently and almost simultaneously suggestf^l the use of these 
nitrogenous and non-])oisonous compounds as fertilisers. The very 
complicated patent situation is reviewed with the help of detailed 
references by K. W. Jurisch in his book “ Salpeter and sein Ersatz 
(Leipzig, 1908, S. Hirzed). In ord(‘f to eliminate all patent litigation, 
the patent dealing with fertilisers, German 2 )at. lii2,2G0 of May 1st, 
1901, was transferred to the C-yanidgesellschaft, Berlin. The hrst 
experimental trials with the new' h'rtiliser Oerlach, P. Wagner 
and others, showed that cyanamides ar(^ not 2 >lant poisojis, but form 
ammdnia in the soil, and can. be recommended as good fertilisers. 
The suggestion to decompose calcium cyanamirle with water with 
formation of ammoniittand calcium carbonate is first made in German 
patent 134,289 of November 2otfi, 1900, wdiicli is in tlx' name of 
A. Frank. - ' 

The above-mentioned interests worked conjoin^ly^until the middle 
of 190b; the Deutsche Gold- und Silberscheideanstalt then separated 
from the others, being mainly interested in cyanide^ compoujids, in 

^ Max Stointhal, Hoeht, Pfeiffer & Co., and f)t]ior.s w*jre also interested. The Cyaiiid- 
gesellschaft (f.m.b.H. was at fir.st purely an a.s.sociatiou for experinionta) purpo.sos, but 
aherwards erected the StvliHtoffwerke 8pandau for the production of potaHsium cyanide. 
At the instigation of M. Steinthal, of the Deutsche Bank, the Bayrischen Stiekatoffwerke 
A.G. was founded in 1908 by the Deutsche Bank, with the co-operation of a number of 
Berlin and Munich bankers and of firms associated with the fertiliser industry. 
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regards to the production of which they had already followed 
a divergent patli. A. Frank aud N. (-aro worked at the further per- 
fection of the process with the firm of ^i?einens & Halske A.G. at the 
research 4e])artTnent of tlie electro-eheinical works at Martiniken- 
fhlde, near Berlin. They soon succeeded in raising the absorption 
of nitrogen by th(‘ ear})idi' to 80 to 85 ]K'r cent. Meanwhile Polzenins, 
who was at tJjat tini(‘ eheinist to the Polaek Accninmlator Works, 
Frankfurt-a.-M.. which had gone into liquidation, found that the 
temperature of reaction could be lowered from 1 ,000‘^“1,100° C. to 
400^“ 500"" C\ by adding calcium chloride wliieh had previously been 
ignited at a liigli tem}>erahire (German paf. 103, .‘120). In Germany 
Frank and CViro at first sold their ])rodu(*t as Frank-Pfleger-Massc " 
containing 10 to 20 ])er ci'iit. of nitrogen, but later as ‘fKalkstickstoff ” 
(“ lime -nitrogen “) containing 14 to 23 per ccuit . of nitrogen ; ]^)lzenius 
described his ])rodiiet , containing a similar ixTcentage of nitrogen, as 
‘‘ Stickstoffkalk ’’ (nitro-linu*). These distinctions are now’ no longer 
made ; both products are now’ dealt wit!) under the same name of 
Kalkstickstott *’ (nitro-lime). 

The Polzenins j)at(‘nt w'as transfiTred to tln^ A.G. flir Stiek- 
stoffdunger (hm.b.H. at \V(‘steregeln. lU'ar Magdeburg, which 
marketed considera})l(‘ cpiantities of nitro-liiiH* in 1005, namely 
800 tons. The \V(‘sl(‘r(‘geln ])lant W’orki'd at full ca])acity until 
1000; it was gradually closed during 1010-11, after manufacture 
had b(*(‘n taken uj) by the A.(k fiir StickstoffdungiT at Iviuqisack, 
near VWogne, which was founded in 10O(‘>. The business year, 
1008, showed a loss of 30,042 marks, which inerc‘ased in 1000 to 
223.002 marks (about £11.000). In consecjiKUK e of the giaieral over- 
])roduetion, the Kna]>sack plant only produced a small pro})ortion 
of its out])ut eApicity in 1000, in s])ite of the fact tliat the Sales 
Association (se(‘ p. 30) luu) increased th(‘ total sales by 35 per cent. 
In 1000 the Knapsack Works took up the i]ianufactiir(‘ of aninlonium 
sulphate, but did not ])roceed tliat y('ar*b(‘yond somewhat large trials, 
which wau-e by lU) mc'ans satisfactory. Caro was the first to show 
that th(' rfiitrogenation process Vas exothermic. 44ie capital cost 
of jilant is greatly decreased by internal heating and jirogressive 
reaction from •w ii^hiif to without. Addition of calcium chloride 
produces no tecTuiic^al elTcci of any kind, beyond the ]-educti^m of the 
reaction temp^u-ature ; it mendy increase's the production cost by 
the cost of the calcium (diloride. 

In the interval, tlit‘ *Frank-(yaro grouji had not been idle. The 
Societa Italiana di Prodotti Azotati had eoni.'nenced ])roduction in 
Jdano d’Orta, where it utilised tlui water jiower of the Pescara in 
the Abruzzi in 1 905. The parties mainly concerned in the hmndation 
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of the company were the CyanidgesellRchaft G.m.b.H.,of Berlin, and 
the Deutsche Bank. The works were originaHy intended for jTn out- 
])ut of 4,000 tons of nitro-lime per annum, but this was increased 
to 14,000 tons in 1912 and ^4,000 tons in 1913. The first German 
undertaking to openUe the Curo process was the Bayrischel^tickstofE- 
werke A.G. at Trostl)org, in Tapper Bavaria, founded in 1908. The 
company, which is closely connected with tlie Deutsche Bank, 
utilises the water power of the Alz (10, 000 h.p.). In 1915 to 1910 
the company commenced to develop a second stage of 24,000 h.p. at 
Tacherting-Mar^arethenberg. The first business year during which 
the plants were in full operation throughout was liH2“13, and showed 
a dividend of 9 i)er cent. A ready sale was found for most of the 
ammonium sul})hate ])roduced, and, in consequence, the share capital 
was increased in 1912- 13 to 8,000,000 marks, and the works were 
further extended. Tlie oulput-ca|)acities in tons of lutro-Jime were 
stated to be as follows : — 

1912 1913 

Trostb(‘rg . . . 15,000 25.000 

Kna])sack . . . 15,000 25.000 

The actual total ])roduction was 22,000 tons in 1912 (of which 
20,000 tons WT]*e from Trostberg). and 24.000 tons in 1913. The 
])rices were as follows : — 



A 

Quality i 

B Qua 
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10-ton lots . 

MS 

M4 
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5 -ton lots 

1-20 

♦•i(> ! 

9-()0 

9-20 

3-ton lots 

I4i3 

M9 1 

9-SO 

9-40 

Smaller lots 

•l *20 

1-22 

10-00 : 

9- GO 


Prices for December, 1913, for spring d('liv(TV in 1 914, wTtc quoted 
under the following conditions : Free deIiv^erj^*to any German State 
railway stfltion, or light railway station ; if ackn^Tta^icc was delayed 
beyond*January 20th,^1914, an*“addilional 40 marks ^3er 10 tons were 
to be charged for storage. 

The Frank-Caro group, that is, the (.Vanidgesellscliaft G.m.b.H. 
Berlin, founded the Ostdeutscheii Kalkstmkstotlw^erkc und Chem. 
Fabriken G.m.b.H., •of Berlin, which was an affiliated company to 
the Brafidenburgischen Garbid und Elektrizitatswerke A.G., Berlin, 
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which paid a 7 per cent, dividend in 191 9-20. The last-named com- 
pany utilises the followihg water porvers : 2,200 h.p. at Miihltal, near 
Bromberg, obtained by damming the Brahe ; 1,400 h.p. ut Stein- 
biisch, near Kreuz ; 2,200 h.p. at BorlK)ndorf, near Schneidemiihl, 
and 500 h.p. at Schneidemiihl, being a total of 6,300 hydraulic horse- 
power. The Ostdeutschen Kalkstickstolfwerke have never come into 
regular operation ; it was intended to utilise 2,000 h.p. for the pro- 
duction of nitro-lime at Miihltal (which is now Polish). The whole 
plant was much too small for profitable production, and was closed 
in 1914-15. Since that date the Steinbusch and Miihltal works 
produce carbide only ; naturally, considerable quantities of electric 
power are sold to other interests. The Steinbusch works were closed 
during 1919-20. The Branden])urgischcn Elektrizilatswerke also 
owned the Norsk Electro -kc mi sk Aktieselskabet, which produces 
carbide, etc. 

In 1913, the A.G. fiir Stickstt)ffd linger in Knapsack founded the 
Mitteldcutschen Stickstoffwerkc G.m.b.H., which was originally at 
Franklcben, but soon moved to Gross-Kayna. The firm has a capital 
of 1,000,000 marks, the main participants being the A.G. fiir 
Stickstoffdiingcr and also the Michel Comi)any, which was formed by 
Rhenish financiers. The works of the Mitteldcutschen Stickstoffwerkc 
Gross-Kayna were at least partially in operation in 1914-15, and 
first showed a small profit in 1915. The report of the Knapsack 
company described the fall in prices in the nitrogen market at the 
end of the first-half of 1914 as a collapse caused by the increase in 
domestic production and the ex(^cptioiially large imports of foreign 
artificial and natural fertilisers. Gross-Kaynu has meanwhile been 
definitely closed,'* and was t() be leased to the Elektrizitatswerk 
Sachsen-Anhalt A.G. in 1920 as a power station of 20,000 k.w. 

Before the* War the output was sold by the Verkaufsvereini- 
gung fur Stickstoffdiinger G.m.b.H., of Berlin, to which English, 
French, Italian and German firms b^iojiged, and also by the inter- 
national Carbide Syndicate. Both were dissolved in 1914-15, the 
former by order of the Courts. \ 

At the'* outbreak of war, therefore, production in Germany was 
essentially confined td^t^lie Trostberg and Knapsack works, the total 
output capacity\of*wdiich w as from 36,000 to 60,000 tons of •nitrodime 
annually. Then^ were two groups oi interests^ — namely, the^'Frank- 
Caro process, with works at Trostberg and Miihltal, and the Polzenius 
process, with works at Westeregeln, Knapsack and Gross-Kayna. 
They differed not only in‘lhe processes which they exploited, but also 
by the fact that the Frank-(Jaro group utilised 'water power and the 
Polzenius group power from fuel, namely, from quarried ligrfite from 
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the Rhineland and the Province of Saxony, in order to obtain carbide 
avS cheaply as possible. C. Kragiss, the director of the A?Gr. fur 
Stickstofid Unger at Knapsack, ascribes the considerable transference 
of the nitro-lime industry l/) foreign countries to the tendency to 
utilise water power.. He writes as follows : ^ “ Till vei^ recently 
the view was held that the rational manufacture of carbide was only 
possible by the luilisation of cheap water j)owcr, and the nitro- 
lime production of bi th the Frank-Caro and the Cyanide groups 
was almost entirely based on its exploitation. As such water 
never was very scarce in Germany, this originally purely German 
invention lias unfortunately fallen into the hands of foreigners, 
who have erected large works in Norway, Italy, Dalmatia, and 
Franco, from which countries they inundate the German marl^et 
with nitro-lime.” In peace time the jirice per k.w.h. produced 
with Upper Bavarian water power could be estimated at f pfg. and 
from Central German quarried lignite at about I pfg. 

During tlie War, when anxieties arose with regard to the German 
supply of nitrogen compounds, the existing nitro-lime works increased 
their productive cajiacities ; the erection of the Gross-Kayna works 
in the valley of the Geisel, near Merseburg, was aoeeUerated, the 
capital of the A.G. Stickstoifdung(T was increased in the spring of 
1915 from 3,000,000 to 8,000,000 marks, and that of the ] «ayi'ischen 
Stickstoffwerke, of Municli ^Trostberg), was raised to 12,000,000 
marks in 1915 to 18,000,000 marks at a later date, and to 30,000,000 
marks in 1921. Simultaneously the State interested itself ifi the 
nitrogen industry in consequence of^the decisions of the Department 
for Military Haw Mjiterials f)f the War Ministry, which have already 
been referred to. In 1915, the Bti^vri^ehen* Stickstoffwerke, of 
Munich, established a branch in Berlin, and later removed thtir 
head office to that town. In March, 1915, they took over the 
erection and works control, on behalf of the German Government, of 
the large nitrogen works wJiiWi had been erected in ^ 1915-16 at 
Piesteritz, near Halle, at Wittenberg-on-Elbo, and at Chorzow, near 
Beuthen. The work^i^vere erecteJ^at the cost of the Government, 
and all the profits accrued to the State. In order to hasten 
the completion of the work, the utilisation, of water power was 
dispensed «with, and power from coal was used. /The Piesteritz 
Nitrogei^ Works, which were built in the interval irmn March, 1915, 
to Christmas, 1915, receive their electricity supply from the large 
power station at Golpa-Zschornewitz, 25 km. distant, close to 
Bitterfeld, jvhilst the Chorzow works are supplied with 30,000 k.w. 
from the Oberschl^sischen Elektrizitatswerke (Upper Silesian 
^ “UUmann,” vol. iii., p. 206. 
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Electric Works), the central power station of which is in the imme- 
diate vycinity. A further 30,000 krW. were produced by Chorzow at 
their own power station. These works will be further describes? later ; it 
may at once be mentioned here that Piosteritz is by far the largest 
German works, and has an output capacity of 400 to 450 tons of 
nitro-linu^ daily, produced by the Frank-Card process.^ It orginially 
comprised 8 carbide furnaces (330 tons of carbide), and later had 
10 carbide furnaces. The distribution of the nitro-lime from the 
State works was lianded over to tlie Deutsche Landwirtschaftliche 
Handelsbank G.m.b.TT., of Berlin. The output of tha State factories 
was jH’imarily intenfled for agricultural ]>urposes. Nitro-lime was 
certainly for tlu^ time being the most suitable artificial nitrogenous 
fertiliser, as the nitrogen which it contains is, so to say, primarily 
combined wuth lime, without the help of an acid. It was found' 
poKsit)le to supjfiy agriculture during the harvest of 1916-17 with 
ap])roximately 100,000 tons of nitrogen, which is half the peace 
consumption in 1913, or the total consumption in 1909. Unfortu- 
nately the increasing shortage of coal, limestone, and power prevented 
any appreciable improvement of these conditions. On the contrary, 
they rapidly became worse after November, 193 8, so that finally in 
1919 the unfortunate position which has already been described was 
necessarily reached. The prospect has only improved quite recently. 
Piesteritz works have acquired their own lime works in the Harz, 
wliich have been leased for ten years in the first instance and are 
known as Gewerkschaft Harz-Blankenburg, with plants at Hutten- 
rode and in Kalten Tal, near Kiibeland, the present firm being 
Braunschweigiscdie Harzkalkwerke A.G. 

The Piesteriti. interests were converted into a joint stock com- 
pany, the Mitteldeutschen Stickstoffwerke A.G., in 1920, with a 
capital of 120^00(y,000 marks. The (3iorzow works were converted 
into the Oberschlesischen Stickstoffworke A.G., with a present share 
capital of 1 10,000,000 marks. These ./qrks, together with the central 
power station in Golpa (which was acquired by the Imperial Treasury 
in the autumn of 1917), are now fae property of the First Adminis- 
trative Division of the Industrial Section of the Imperial Treasury in 
Berlin. 2 

The Germah otate is also financially interested in the Upper 
Bavarian works of the Bayrische Stickstoffwerke. Under the 
heading ‘‘Bayrische Stickstoffwerke A.G.,’^ the report of the 
Deutsche Bank in 1917, is as follows : “ The Company has obtained 
from the Bavarian Govcinmcnt the prior concession for tjie exploita- 

^ The agreements and other particulars relating to the (^korzow works are described 
in Chemical Trade Journal, and in Chemical Engineering of 22nd May, 1920, p. 665. 

* Chorzow works are now in Polish territory (Tra7i la’or). 
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tion of the water-power of the Lower Inn comprising about 
200,000 h.p. With very considerable help frbm Bavarian bahks and 
firms oiA financial directorate has formed a syndicate to prepare 
for this undertaking, the completion of which will require a capital 
of more than 150,000,000 marks.” These gigantic projects, which 
are interconnected with other State plans relating to electric supply, 
the production of aluminium, and so forth, have had to be postponed 
for the present. The dividends of the Bayrische Stickstoffwerke 
were 8 per cent, in 1914, 12 per cent, in 1915, 14 per cent, in 1916, 
14 per cent, in* 1917, 11 per cent, in 1918, and 12 per cent, in 1919. 
In 1920 a new company was formed, the Bayrische Kraft werke A.G., 
of Munich, with a preliminary capital of approximately 1,000,000 
marks. 

During the War the A.G. fiir Stickstoffd linger at Knapsack 
worked at its maximum output of about 200 tons of carbide, corre- 
sponding to about 250 tons of nitro-lime containing 20 per cent, of 
nitrogen. The dividends were 8 per cent, in 1913, 6 per cent, in 
1914, and 10 per cent, in 1915. In 1915 the works entered into close 
relationship with the Hochster Farbwerke, which were partially 
supplied from Knapsack with ammoniacal liquor for conversion into 
nitric acid by oxidation ; ultimately the Farbwerke acquired the 
greater part of the shares. The Knapscack works were not alk»\\ed 
to publish any business reports for 1915-16 and 1916-17, on account 
of the state of war; the gross revenue was 1,351,266 marks in* 
1914-15, and 6,862,402 marks in 1917-18; on the other har^l, the 
expenses had risen from 217,219 m^yrks in 1914-15 to 1,073,736 marks 
in 1917-18, and the amounts written off from 084,081 marks in 
1914-15 to 5,146,585 marks in 1917-J8 ; the effcjibt of these heavy 
charges was that in the year 1917-18 a loss of 204,318 marks was 
made instead of a dividend of 8 per cent, in lOlO-lJ. In 1919-20 
the dividend was 6 per cent. The company ascribed these poor 
results to the coal tax, the bi^h prices of raw materials, high wages 
and salaries, and also more particularly to the unsatisfactory fixation 
of prices by the authcfritics, who\ad fixed prices for nitro-lime and 
for ammonia which had no relation to actual circumstances. At 
that time the Directorate already held the viey^ that it was uncertain 
whether itfwould be possi ble to continue manufactrft’e./The occupation 

of the Rhineland rendered the ^circumstances still w»rse. TheFarb- 
« * 

werke vorm. Meister, Lucius & Briining, of H6chst-A.-M., (Hochster 
Farbwerke) were considerably interested, not only in the supply of 
ammonia from the Knapsack Company, bift also in their production 
of carbide. During*‘fhe War carbide manufactured at Knapsack was 
used to *a considerable extent in the manufacture of acetone for the 
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synthesis of indiarubber. The acetylene evolved from calcium 
carbide is converted into acetaldiehyde by addition of water in 
presence of catalysts, and this compoui.id is then oxidised to acetic 
acid. When passed through a contact material this compound 
fo,rnis acetdiie, with liberation of carbon dioxide. As is well known, 
this acelK)ne is converted into artificial rubber by reduction to 
pinaconc by means of aluminium and the conversion of this com- 
pound into dimethyl-butadiene, which is the mother-substance of 
metliyl-caoutchouc. The Hoc.lister Farbwerke erected new plants 
at Kna2)sack for the manufacture of acetone by the metliods indicated ; 
the sam('. firm, and also the Farbenfabriken vorm. Fr. Ba}^ & (b., 
of Leverkusen, converted this acetone into methyl -caoutchouc, of 
which about 150 tons per month were finally produced. Under 
present conditions syntlietic caoutchouc is unable to compete with 
the natural product , and the manufacture has therefore been dropped. 
The manufacture of alcohol and acetic acid from carbide will be 
described later ; for some time this manufacture formed a monopoly 
of the Hochster Far])werke within the “ Jnteresserigemeinschaft ’’ of 
the dy(\stuff (companies. The preference given to the (‘arbide interests 
gave rise to the following eiupiiry of the Deputies, Drs. Meerfeld, 
Rohl and Sollmann, to the German Government in 1920 : ‘‘According 
to reliable information, the A.G. fur Stickstoffdiinger at Knapsack, 
near Cologne, has ceasc'd to produce nitrogenous fertilisers, instead 
of wiiieh tliey are only prodiuang carbide, which yields a larger 
2 )rofit to the company. In this way agricultural interests, wbich 
are in any case sutfering through lack of Icrtilisers, an* still further 
prejudic(*d. What dejes the Imperial Government intend to do in 
order to ensure that tlie company mentioned will once more produce 
niti'ogcnous fertilisers in the interests of the, national food supplies 
The Imperial Afinistry of Industry gave the following answ^er : “ No 
decrease in the production of nitrogen compounds at Knapsack is to 
be expected. The company had only exprc'ssed its intention to 
cease the production of nitro-lime, but has not already done so, as 
would appear from the question. The application of the company 
for an increase in the sale j)rice has been agreed to, and the increased 
production (H)s1s which have been incurred in the intt*rval will be 
repaid to it in fuU from the coin})ensation fund. The administration 
of the compeTisation fund have also assured the, company that they 
will recornpense'^them in full for any further increases in the cost of 
production which may occur until the middle of May. It should be 
added that Knapsack, in common wnth other nitrogen Works, has 
always sold a small amount of carbide, which is extremely necessary 
for lighting purposes, and that these supplies will be continued,” 
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According to a memorandum ^of the Under-Secretary of State, 
Hirschjgof the Imperial Ministry of Industry, the so-called com- 
pensation fund represents ati attempt which was initiated during the 
War to forcibly direct i)rivate capital into channels of u^iility to the 
community. For example, the compensation fund for the nitrogen 
industry, which we are here considering, is, in the first instance, to 
be used for assisting those works which are least profitable, and, 
secondly, to finance imports of foreign raw material. In Knapsack, 
the Siemens an,d Stiniu^s interests founded the Uheinische Elektroden- 
fabrik G.m.b.H. in 1017, which undertook a part of the supply of 
electrode -carbons to the A.G. fiir Stic kstoffd Unger. 

The Elektrizitatswerk-Lonza A.G., of Bale, founded in 1898, 
manufactured nitro-lime before tl)e War in their works at Gampel 
(at the confluence of the Lonza and the Rhone) ; they used the 
Polzenius process. The German branch of this company, the Lonza- 
werkc, Elektrochemische Fabriken G.m.b.H., at Waldshut, Baden, 
at first prodiK^ed carbide^ only. During the War the Gerjnan Govern- 
ment granted tliem considerable credits in order to establish nitro- 
lime manufacture at their works, this industry having only just been 
initiated at the time. A])art from this German branch of the Swiss 
firm, tlie remaining (Tcrman-Swiss carbide and calcium cyanan.ide 
works in Switzerland (at GarnjKd and the Got t hard- Works at Bodio) 
took a consid(U‘al)le ])art in sup})lying Germany ; thus in 1915 the' 
Swiss exports of carbide were 55,413 tons, of whicli 48,634 tons went 
to Germany ; in 1916, 46,030 tons wc^nt to Germany out of 58,010 
tons total exports,, and, in 1917, 37,843 tons to Germany out of 
59,448 tons. 

The total maximum out])ut capacity of th(‘ j)rcsent German 
calcium cyanamide factories namely, Trostberg, Picsteritz, CUiorzow, 
Kria])sack, Gross-Kayna and Waldshut amounts to I15,(K)0 toJis of 
fixed ^litrogcn, tliat is, about«600,000 tons of calcium cyanamide. 
For the reasons already mentioned, the actual out])ut, for example, 
in 1918, was only abyut 300, OOtf tons. The general difficulties in 
the supply of raw materials and of manufacture were very great 
during tlie War. Thus tlie Mitteldeutscken Stic kst off werke at 
Gross-Kayna, near Merseburg, were closed entiivly»for a consider- 
able p^’iod. After rccommenqjng production in IMjrcIi, 1918, they 
had to close oncemore after a short period, on account of coal shortage, 
and did not start production again. The same circumstances 
occurred, anfong other places, at the limesfonc quarry at Niedercho 
of the A.G. fiir St ick<^toffd Linger. We may assume the German pro- 
duction -of nitro-lime in 1913 to have been 24,000 tons, to which 
about 20,000 tons of Norwegian manufacture may be added, and the 

3-3 
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maximvvni output capacity at that date was about 50,000 tons ; 
thus the production during the War (until 1918) increased at least 
twelve and a half times, and the maximum output capacity at least 
twelve times, apart from the year 1919, which suffered from political 
disturbances. A similar enormous increase in' the production of 
nitro-limd since 1914 has occurred in France only. The figures 
relating to that country are : — 

Maxirniim Output 
Production. Capacity. 

1914 . . 7,500 . . 7,500 

1918 . . 100,000 .. 300,000 

The world's production of calcium cyanamide in 191 8 is estimated 
to have been in round figures 1*325 million tons, containing 20 per cent, 
of nitrogen, and in 1919 about 1*715 million tons, containing 20 per 
cent, nitrogen. The last figure is presumably based on maximum 
output capacity, which is well known not to have been attained 
anywhere. Actually the production of Germany, which was the 
largest producer, was 22*04 per cent, of the actual world’s production 
in 1918. 

The development of the production of calcium cyanamide in 
Germany is so closely associated with the rapid development of the 
calcium carbide industry that it is essential that this should be 
discussed to sonu^ extent ; wc have based our information on the 
excellent re})()rt of K. Arndt on electro-chemistry in the years 
1916-18.^ Before the War the German carbide industry utilised 

20.000 h.p. from water power, an,d about 10,000 h.p. from coal, and 
its production anuninted to 30,000 to 40,000 tons of carbide. The 
two oldest German carbide ?vorks are those at Rheinfelden and 
at tLechbruck in AUgau, which latter has operated since 1900. 
The Bayrischen Stickstoffwerke A.G. utilise 32,000 h.p. at their 
main works at Trostberg and Tacherting on the Alz, jiroducing 

50.000 tons of carbide per year. Of ihp Imperial nitrogen factories 
erected under their supervision, by far the largest is the plant at 
Piesteritz (see p. 31) with a norn?al output of '10,000 tons of carbide 
per month, which is by far the largest of all carbide works. , The 
only plant which is considerably larger is the enormous American 
plant at Muscle' ^Koals, witli twelve carbide furnaces, each of which 
has an output odi)acity of about 50-.tons per^day. There arc two 
carbide works at Khcinfelden which already existed before the War. 
One of these belongs to the Chem. Fabr. Grieshcim-Elektron, and the 
other to the Aluminiurri -Industrie A.G., and they were, originally 
erected simply in order to utilise the excess current from the electro- 


1 Chem, Ind., 1914, Nos. 22/23. 
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lysis of alkali-chloride (up to 2,000 h.p.), and of aluminium manu- 
facture (up to 5,000 h.p.). W^have alrea3y discussed the carbide 
factories at Bromberg, Steinbusch and Waldshut in Baden ; at 
Knapsack only about 10,000 h.p. were at first available ; Lechbruck 
utilises 2,500 h.p., and Frcyung vor dem Walde, near PS^ssau, abgut 

6.000 h.p. The Plesssche Bergverwaltung and the firm* of Fried- 
lander, which were later superseded by Beer, Sondheinier & Co., 
Frankfurt-a.-M., erected the “ Elektroschraelzwerk Prinzengrube ” 
at Lazisk in Upper Silesia for a production of 20,000 tons of carbide 
per annum. 'The Bosnischen Elcktrizitats A.G. erected a carbide 
works at Tschechnitz, near Breslau, adjoining the “ Elektrizitatswerk 
Schlesien,” and founded the Eleklrocheinisehen Werke Breslau 
G.m.b.H. for its administration. The Lonzawerk ” erected a 
carbide works at Sprem})erg in Niederlausitz, and the Chern. Fabrik, 
V. Heyden-Radebeul of Dresden built another at Hirschfclde, near 
Zittau. The “ Brandenburgischen (Wbid-und Elektrizilatswerke ” 
(see abovc‘) started a new plant for the production of carbide at 
Waldeck. The plans of the Dr. Alexander Wacker-Gesellschaft of 
Munich, which is developing ])ower from a section of the river Alz, 
near Burghausen, are very extensive. At present production is 
confined to one carbide furnace, utilising 4,000 h.})., which are 
obtained in the form of current from the Salzach works or irorn 
Austria. 

The diversion of the Alz into the Salzach and the production of 

36.000 h.p. at the new Alz i)Ower station arc contemplated. The 

development of Bavarian water power on large lines depends to some 
extent on the exechtion of the plans of the Imperial Treasury which 
have already been described. Smaller carbide works have also been 
erected at Wyhleii on the Rhine above Bale, apd at Horst on*the 
Ruhr. • 

Remomb(^ring that the maximum German output of calcium 
cyaiiamide is about 600,000 tons per year of 20 per cent, quality, 
and that this would require i^^out 480,000 tons of carbide, the 
estimated output ca|Tacity for canhide in 1918 of 400,000 to 450,000 
tons appears to be too low ; it should be about 550,000 tons. The 
production of nitro-lime for 1918, which ^s 300 000 tons, corre- 
sponds {o at least 240,000 tons of carbide. Apart from this 
large * internal production, •considerable, quantities have been 
imported each year from Switzerland and from Scandinavia. The 
large growth of the carbide industry is clear from the pre-war 
figures. Before the War Germany produced about 45,000 tons 
internally, imported about 60,000 tons, and utilised about 90,000 
tons per annum. The extraordinary increase in the utilisation of 
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carbide is not due to the considerable increase in the production 
of nitr6-lime alone, but also to tJic fact that carbide is used as 
a deoxidising agent in place of ferro -manganese in the kon and 
steel industry (German pats. 298,847, 300,012 and 300,764). The 
Deutsch-Litxemburgische Bergwerks und Hiitten A.G. made over 
to the Qerman steel works for the duration of tlie War, free of 
charge, a process of tliis character wliich luid j)roved successful in 
the Thomas j^rocess. For this purpose the carbide is best remelted 
in an electric furnace and tlien added to the steel bath in liquid form. 
If the crude iron in tlie converter contains at least * 1 per cent, of 
manganese, carbide appears to render the addition of ferro -manganese 
unnecessary, and it is possible that this method of working will be 
continued permanently. (^onsidera])le quantities of carbide are also 
used for the production of acetylene, which finds inq)()rtant uses in 
connection with tlie autogenous welding of metal and also for 
illumination. Tlie wedl-know n production from acetylene of trichlor- 
cthyleiii' and so fortli was siq^plcmcntcd during tlie War by its 
conversion into acetaldchyd(‘, acetic acid, alcohol, acetone, etc. 
The latter processes have become of great industrial imjiortancc, 
not only in Germany, but also in America and Switzerland. They 
arc based on the w^ork of Kuscheroff in 1884, who showed that 
acetylene could be converted into acetaldehyde w ith the intermediate 
production of mercury comjiounds. The possibility of producing 
alcohol or acetic acid liy this method on an industrial scale was 
suggcj^fed at an early date liy H. Erdmann, but was not carried into 
effect. The first jiatent ap])licaty)ns on this subject by H. Whmder- 
ling appeal'd in 1908, munely, German ]iatent apiilications 
W.27,177 and 29,233.^ In,. Feliruary, 1910, N. Griinstt hi filed 
hi{>^ German application 0.3 1 , 034, wdiieh led to the grant of Ger- 
man pat. 2r)0^3r)(? of 1911, which was transferred to the Ghem. 
Fabr. Gri(\sheim-Eleklron. The latter firm based their technical 
process on this patent, but met flifh considerable difiiculties. 
Economically satisfactory solutions of the problem were discovered 
simultaneously, but quite indepjphdently, by the Consortium fiir 
Elektrocht'misclie Industrie of Niirnberg (iiow^ of Munich), and the 
Hochster Farbwerke. Jhceiices have been granted by the Consortium 
to the Dr. Alexftndbr-Wacker-Gesellschaft of Burghausen dn the Alz, 
and the Elektrizitatswerk Lonza. i In 1916, both the IRichstcr 
Farbwerke anddlie Wacker-Gesellschaft succeeded in manufacturing 
acetic acid from carbide on a large scale in Knapsack and Burg- 
hausen, respectively. As has already been mentioned, the method 
of production was closely associated with the rubber synthesis of the 
^ See also Friedlander, “ Furtachritte,” vol 9, p. 15. 
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War period, which has been a))aiuloned. The present German 
industry making acetic acid frofu carbide iS stated to have* a total 
output Capacity of 25,000 tons of acetic acid per year. The output 
capacity for acetone of Knapsack and Burghausen was said to be 
600 tons per month in 1918. This has never yet be<?n attained. 
The German production and utilisation of carlhde in dOlH was 
aj)proximately as follows : — 

240,000 tons for production of calcium cyanamide. 

60.000 tons for the ligliting industry, for metal working and 

in the iron industry. 

25.000 tons for further conversion into alcoliol, trichlor- 

ethylene, etc. 

Total 325,000 tons. 

A number of important data on alcohol and other products from 
carbide are given in Apj^endix X. to the Bill of 1018 on the 
Iinpt'rial Spirit Monopoly. Further details may be gathered from 
th(^ memoranda and discussions relating to this law, from which the 
Hochster Fai*bw(‘rke, acjcording to their report for 1017, anticipated 
serious prejudice to th(‘ir inanufa-etTire. For the production of 

1.000 kg. or 1,262 litres of alcohol, there are necessary 2,0oo ivg. of 
carbide (or 8,000 k.w. hours, 2,500 kg. of coke, and 7,000 kg. of lime). 
Further, 500 cu. m. of hydrogen gas are recpiired ])er ton of alcohol. 
The official memorandum estimates the j)roduction eost^-i to be 
24 marks per liectolitre, according to the prices ruling in 1917-18. 
Accc)rding to the experience of the Lonza works at \ isj). Switzerland, 
the purification of the resulting ah^ghol offers no greater difficulty 
than that of ordinary fermentation alcoliol. Alcoliol from caijbide 
(*an rejilace ordinary fine industrial sj)irit without further treatment. 
Acicyrding to offi(aal information, the output capacity of the plants 
wdiich exist(*d or w(*re in« course of construction in Germany in 
1917-18 was apjjroximately 450,000 tons of carbide when working 
to their full capacity. After decliKiting about 50,000 to 60,000 tons 
used for lighting purposes, for metal working, etc., there would 
presumably remain almost 400,000 tons ^ for the jiroduction of 
fertilisers or alcohol from which one could obtaili tfiooretically about 
2,50d^000 hectolitre;^ of alcohol. In 19i;j-14, Germany produced 

3.844.000 hectolitres of spirit (calculated as 100 per cent.), for the 
productior^ of which the following cpiantities of raw material were 
used : — 

2,600,00(3 tons of potatoes. 

320,000 tons of grain (rye, maize, and barley). 
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57,800 tons of molasses. 

327.000 hectolitres of stone-fruit. 

176.000 hectolitres of grape residues and yeast. 

48,000 hectolitres of grape-wine. 

, ’ 81,000 hectolitres of brewery residues. 

In view of these figures, the economic value of alcohol from 
carbide for whicli the main requirements are lime, coke and 
electric energy, is evident. The view expressed in the official 
memorandum of the future co-ojieration of the carbide and cyan- 
amide industries is of still greater interest to us here. It is as 
follows : “ The question whether the 500,000 to 600,000 tons of 
fertiliser producilde in the form of calcium eyanamide can readily 
be absorbed must depend, apart from prices, primarily on the 
question wliether this jiroduct niee^ts witli competition from im- 
l^orted Chile and Norwegian nitrate or jiossibly from other techni- 
cally more advantageous fertilisers. Should the anticipation prove 
correct that relatively (dieaper nitrogenous fertilisers can be produced 
by the Haber process than is possible with the helj) of carbide, the 
question of new outlets for the large carbide and calcium eyanamide 
jdants of Germany will necessarily arise.'’ We thus meet here with 
a relatively i)essiniistic outlook, which may also be found between the 
lines of the report of the A.G. fiir Stiekstolldiinger in Knapsack 
(p. 31). The rc'alisation of the Imperial project of large scale 
dcvelcrpment of the Bavarian water powers, followed by the trans- 
ference of the whole nitro-lime' manufacture to these localities, 
where cheaper ])owTr would be available, is, therehJre, highl y desirable. 
Unfortunately, the unsatisfactory financial ])ositi()n of the German 
Goternment renders such large jdans imj)ossible for the time 
being. As the' ])rovision of nitrogenous fertilisers is so intimately 
connected with the food supply of the German pc'ople, it miwt be 
considered as a primary requirement for the present, and, until it 
can be covered in other ways, as is fqr the time being impossible, 
it is most urgently necessary that the existing nitro-lime works 
should be maintained, even though they are at present situated in 
unsuitable localities. In the course of the paper whicdi has already 
been mentioned on the electro-chemical industry, K. Arndt ^comes 
to the following “conclusions regarding the manufacture of carbide 
and nitro-lime:* “It is impossible to foresee the exact future of 
these plants in years to come. Those works which utilise water 
power will certainly continue to exist indefinitely, but those which 
use coal as a source of energy will in most cases cease to exist unless 
the usual interest on the very high erection costs is relinquished.” 
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If, in place of hydrogen, electrolytically produced oxyger^is used 
in presence of a catalyst, the acetaldehyde is converted into 
acetic acid. Before the JVar technical acetic acid was mainly 
produced in Germany from the grey acetate o];)tained in 
wood distillation, Tbut dilute acetic acid (vinegar) was usually 
produced from alcohol, and so fortli, by fermentation by the 
“ rapid vinegar process.” There are 20 works in Germany pro- 
ducing acetic acid from wood, the largest of which is the Verein 
fiir Chemische Industrie of Mayence. The annual imports previous 
to 1914 were al)out 20,000 tons of grey acetate, mainly from the 
United States, but also from Austria-Hungary. The domestic 
production was about 15,000 tons, so that in time of peace 35,000 tons 
of grey acetate, containing on an average 82 per cent, of calcium 
acetate, were annually used in Germany for the production of acetic 
acid, its derivatives and acetone. Tlie fermentation acetic acid 
industry was conducted in about 1,000 small works ; there were 
larger wwks, such as, for instance, Kahlbaum of Berlin ; in 1913-14 
this industry used 151,400 hectolitres of 100 per cent, pure alcohol, 
and also 2 )roduccd consideralde quantities of table vinegar, beer, malt, 
and wine vinegar. On tlie other hand, according to official figures, 
the recent out 2 )ut capacity of the German jJaiits for the j^roduefion of 
acetic acid from carbide, including those still under erection, amounts 
to 25,000 tons of acetic acid per annum, as has already been men- 
tioned. This quantity is more than twice as great as the alcohol 
corresponding to the imiK)rted grey acetate (20,000 tons of grey 
acetate containing 82 2 )er cent, of acetate = 12,460 tons of j)ure 
acetic acid), so that it might become of great economic imj^ortance. 
Naturally the official memorandum could make no definite state- 
ments on the cost of production of acetic acid from carbide in 
Germany, or on the possibility of comi>etition of the product with 
that from grey acetate. It is«aU the more difficult to form a final 
opinion on this question at present, as, in consequence of the con- 
fused economic circumstances, the effect of the Imperial spirit 
monopoly has not become apjmrAit in j)ractice on a large scale. 
According to an announcement in the daily Press [Magdeburger Ztg., 
June 20th^ 1920), Saxon industrialists have recently ^founded a new 
compaipr in Belgern (Province of Saxony) with a capital of 12,000,000 
marks for the manufacture of spirit from caflude. 'Jhe initial daily 
production is to be 15,000 litres of spirit, and the works were to be 
ready in December, 1920. It was found later, however, that the 
parties had been victimised by an impostor, and the plan has 
fortunately come to nothing. 

The use of acetylene as a motive power for internal combustion 
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engine^ (260 litres of acetylene, or 0*9 to 1 kg. carbide, are required 
per horse-power liour) can only be considered as a war measure, and 
is rapidly declining. ^ 

Having described the historical development and the economic 
Ixisis of tJie German nitro-lime industry, and* of those industries 
directly bonnected with it, we will now discuss the importance of the 
Haber synthesis of ammonia, which may claim to be a specifically Ger- 
man development of a technically highly developed scientific organisa- 
tion and a brilliant example of the co-o])eration of theory and practice. 

In 1903-4, Haber, jointly with Van Oordt, commenced the 
experimental study of the ammonia equilibrium at definite tempera- 
ture\s and pressures.^ These investigations formed the foundation 
of tlie synthesis of ammonia whicli has since become so important, 
and which will be discussed in greater detail in the third part of this 
volume. In this section we are only interesh^d in the historic and 
economic development of the Haber-Boscli j)rocess. Tlie detailed 
treatise of F. Haber and K. Le Rossignol in the Zeifsch. /. Elektro- 
chemie, 1913, vol. xix, p. 53, is a shortened summary of the report of 
the inventors to th(» Badische Anilin und Sodafabrik in the year 
1909-10. The yield was ])y no means extraordinary, and there 
seemed to be little liope of a successful solution of tlu' problem of 
teclmical ammonia production. In spite of this, tln^^ B.A.S.F. took 
the warmest interest in the work. The first patent applications 
(German pats. 223,408, 235,421, 238,450, etc.) date from the year 
1908.* The transformation of Haber’s laboratory (^X 2 )erimcnts into 
methods available for technieal* manufacture on a large scale met 
with iiiconeeivablc difticulti(\s, and was largely diu* to the daring 
initiative of the B.A.S.F. an*d of its chemists, more particularly of 
BRsch and Mittfw-ch. ^ As a result of the knowledge gained by the 
associated wofkers, F. Hal)er was enabled to give a l)a])er before the 
Naturwissenschaftlicher Verein Karj^sruhe on March 18th, 1910, in 
the course of which the new 2 )r(K;ess wa^ <lemonstrated for 

the first time. Although the foundations were thus laid, very much 
remained, to be done before thc^ technical manufactun^ by Haber’s 
method could be successfully undertaken. The first synthetic 
ammonia was T)ro|luc6d by the ex 2 >erimental plant at Ludwigshafen 
at the close of 1910 ; the outinit was 25 kg. of ammonia i>eT day at 
the commencement of* 1911, and 1,000 kg. per day in 1912. The 
2 )rocess represented a revolution in technical chemical plant, as the 
conduct of 2 >roccsses at, such liigh tem 2 )cratures as 690 C. and at 
pressures of about 200 atmospheres had beeq ^hitherto unheard of. 

> Zeitsch.f. anory. 43, 11 J : 44, .341 ; 47, 42. 

2 See Beriitlisen, Chem. Ztg., 1912, p. 1133. 
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As is well known, it is only under such conditions that a product 
containing about 10 per cent, (ff ammonia* (?an be obtained from 
the equfvalent mixture of nitrogen and hydrogen. As may be 
imagined, the mechanical Mifliculties were extraordinarily great. 
However, the manufiicture in the ex])eri mental plant was so successful 
that the erection of a special works for the manufacture of ammonia 
at 0})pau, close to Ludwigshafen, could be considered. These works 
were producing by tlie (uid of 1013. Tlie main product was at first 
anhydrous liquid ammonia, but later ammonium sulphate was 
also produced and ap])earc‘d on the market at the commencement of 
1914. The Oppau works were intended for the manufacture of 
ammonium sulphate only, and, in the first instance, for a production 
of 30,000 tons per annum. Assuming aj)proximately 300 working 
days in the year, this production corre^sponds to about 25 tons of 
ammonia per day, which (M)nesj)onds in turn to 7,500 tons of ammonia 
or 6,180 tons of nitrogen or 30,000 tons of ammonium sulphate 
(containing 20*6 jkt cent, of nitrogen) ])er annum. C. Matignon 
stat(‘s that he w'as informed that the (^ost ])rice per ton of synthetic 
ammonia was 150 fr. — 121,50 marks (£(>), or 48-6 jifg. per kilogram 
of ammonia, that is. 59*0 pfg. ]kt kilogram of Tiilrogen. 

In the autumn of 1913 the East Oerman and Austro-Hungarian 
producer's of ammonium suljdir.te met and decided to form a syndicate 
to be directed by tlie Oberschlesischeii Kokswerkii A.G., which, 
whilst maintaining tlie agreement which already existed with the 
UiMitsche Ammon iakveu'kaufsvcr'ernigung G.m.b.H. of Bochum, was 
to sec ure ad(‘cpiate markeds for tke ammonia pn^dueed by coke 
ovens and gas works in compedition with the synthetic product. 
The intention was to lower the prit^» to such an extent that the 
synthetic jmxluet, with its higlier jmxluction cosl^, would be unable 
to comjiet-e. A eomj)arison with the figures of the largest producers 
of thj', German Association for the Sale of Ammonia (Deutsche 
Animoniakverkaufsvereinigufci^) shows how comparatively consider- 
able the production of the Oppau Works was. The j)roduction of 
ammonium sulphate eft various w^rks in the year 1912-13 was as 
follows : — 


Qelscndvirchen . . . . . 

Deutsch-Luxemburg . . . . 

Harpen . • . .* . • . 

Phonix ...... 

Hibernia ...... 

Amfnoniak-Verkaufsvc^rcdnigung (iSotal) 
Upper Silcijiran Works 
^ 1912 German produedion 
1913 German production 


Tons. 

30,827 

24,449 

*22,513 

‘19,028 

10,804 

300.000 
35,000 

492.000 

549.000 
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In, the autumn of J913 a union of the other producers with the 
B.A.S.F. seemed hardly possible. Meanwhile the latter concern, 
jointly with the other works of the co|il-tar dyestuff industry, had 
commence^d negotiations with the Verein Chem. Fabriken A.G., of 
2feitz, which led, at the end of 1913, to the acquisition of the majority 
of the shares of the latter firm. The Zeitz Verein is a large con- 
sumer of ammonium sulphate, of which it marketed very large 
quantities before the war in the form of mixed fertilisers (ammonium 
superphosphate, etc.). Thus at one stroke the B.A.S.F. found a 
reliable large customer and at the same time assured the economic 
stability of the Oppau plant, in which several million marks had by 
that time been invested. As a direct consequence, the long-sought- 
for understanding between the B.A. 8 .F., on the one hand, and the 
Deutsche Ammoniakverkaufsvereinigung and Oberschlesische Koks- 
werke, on the other, was concluded at the commencement of 1914. 
The political conditions prevented any obvious effect of the con- 
clusion of this ])ricc convention on the German fertiliser market, or 
on the world market, for since August, 1914, the nitrogen industry 
has worked under completely altered conditions. The connection 
between the B.A.S.F. and the Zeitzer Verein has meanwhile ceased, 
and this purely temporary alliance may therefore be considered as a 
mere tactical measure. 

In order to ensure supplies for the explosives industry, the Oppau 
plant ceased producing ammonium sulphate, and turned to the pro- 
ductfon of the war materials, ammonium nitrate, synthetic nitrates, 
nitric acid, etc. By the close df 1915, the annual output capacity 
was already 130,000 tons of ammonium sulphate, equal to approxi- 
mately 26,300 tons of nitrogtm. The output capacity in 1917-18 is 
stated to have bticn as follows : — 

Tons of Fixed 


Tons per Annum. Nitrogep. 

Ammonium nitrate . . * , 10,000 .. 3,450 

Sodium nitrate . . . 130,000 . . 21,410 

Nitric acid (calculated fts ' , 

.100 per cent, acid) . * . 40,000 . . 8,890 

Anhydrous amiponia . . 40,000 . . 32,900 

« 


Thus the peace-time output cajmeity had been increased more 
than tenfold. According to foreign sources, *’the output capacity of 
Oppau for 1918 was : — 

Output per day : 2 iJ 0 tons of NH 3 = 206 tons of N, amounting 
in round figures to 66,650 tons of N in a yea^ of 323 working days. 

A portion of this ammonia was converted into nitric acid (250 
tons of NHg == 926-5 tons of HNO3). 
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The daily production of nitric acid, calculated as 100 p^r cent, 
acid, was 100 tons ; meanwhile the output capacity has been 
increased to 200 tons of 10J3 per cent, nitric acid ; the remaining 
ammonia, that is, about 115 tons of NH3 daily, was supplied to 
Hochst. • * 

Before considering the development which led to 3 further 
increase in the nitrogen works of the B.A.S.F., we will briefly con- 
sider the economics of the process compared with other processes, 
making use of the publications of R. E. Mc(>oiinell, Chas. Parsons, 
C. Matignon and others. According to the calculations of Parsons, 
the manufacture of ammonia by the Haber- Bosch 2)rocess involves 
works costs of $119 per ton of nitrogen (— 499-80 marks), that 
is, 41-3 pfg. j)er kilogram of ammonia. In order to fix this quantity 
of ammonia, about 4 kg. of sulphuric acid of (30° Be. are neces- 
sary ; taking the j^rice of this to be 10 pfg., then from the prices 
for ammonia and suljDhuric acid we obtain a cost price for the in- 
gredients of ammonium sulpliate of 132 marks (£6 12s.) per ton 
(aj^art from manufacturing costs). The agreement of this value 
with Matignon’s figure (see above) of 150 fr. (=^ 121-50 marks) per 
ton of ammonium sulphate, is so close that Parsons’ figure may be 
considered as correct at the time when liis report was made, that is, 
on April 30th, 1917, and thus for the period 1910-17. According to 
Matignon’s figures, the production cost of 1 kg. of ammonium 
sulphate by Haber’s jirocess is 12-15 pfg. For its manufacture 
there are required about 250 gm. of ammonia and 1 kg. of sulphuric 
acid of 00° Be. If we assume the cf)st of this to be 2-5 pfg., and the 
cost of conversion of ammonia into ammonium suljihate under these 
conditions (sec below) to be 1 to 2 jifg. [icr kilogram of ammonium 
sulphate, we obtain a works cost of Haber ammqnia in peace-time 
of 30 to 35 pfg. per kilogram. The English Lieutenant R. E. McCon- 
nell, who inspected the Oppaii plant during the truce, gives the 
following details in the Jmirnal of Indmtrial and Engineering 
Chemistry : The jilant cmjiloys J,500 labourers, 3,000 mechanics, 
350 clerical officials, arffl 300 chemists ; it consumes daily 1,750 tons 
of lignite and 500 tons of coke, jiroducing about 250 tons of ammonia, 
or 206 tons of fixed nitrogen. On the assumption that the works 
close for aliout one-tenth of the year for repairs, JlcTbnnell arrives 
at a coSt price of 5|c?. per lb. T)f fixed amiupnia — tliat is, 103 pfg. 
|)er kilogram of nitrogen or 85-0 pfg. j^er kilogram' NH3. At the 
commencemegit of 1918, Haber ammonia was sold at works at 
0-90 marks per kilogram of NHg in the form of concentrated 
ammonia liquor, exclusive of freight and of the surcharge of the 
Kriegsehemikalien A.G. ; McConnell’s figure is therefore probably 
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not far from the trutfk Thus thej)roduction costs per kilogram of 
NH3 and of N by the Habcr-Bosch process were as follows : — 


1 Kfr. m,. 1 Kg. N. 

T»fg. Pfg. 

1M13-14 . . .30 to 35 . . •36*5 to 42-5 

1910-17 . . 41*3 50-2 

1917-18. . 85*0 .. 103-0 


We may now c()mj)are these with the costs by other processes. 
Parsons calculab^s the price per kilogram of fixed nitrogen in calcium 
cyanainide to be §J22 per ton of nitrogen — that is, 51-24 pfg. 
per kilogram. This figun^ corres])onds rouglily with German pre- 
war conditions. Tlie sale jmce at the close of 1913 was 114 2>fg. 
per kilogram of nitrogen iii calcium (^yanamide. In the si)ring of 
1918 the sale j)rice had risen to 180 pfg., and the production costs to 
about 100 2)fg. 

With the helj) of the figures of tlu' Jul. Pintsch A.G., of Berlin, 
Bertelsmann ^ gives the following calculations for a 2)lant for the 
treatment of 10 cu. m. of standard gas liquor })er twenty -four hours : 
he finds the production cost of 108 tons of ammonium sulj)hate to 
be 8,837 marks — of course, on tlu^ assumi^tion that the gas liquor, 
from produc(‘r’s own works, is a by-2)r()duct, and therefore costs 
nothing, that is, it is nuTely debited with overli(‘.ad charges. 

Be assumes that the costs are 28()-() ])fg. per ton of steam, 
1-00 marks per 100 kg. of lime, 4-50 marks per 100 kg. of 00° Be. 
suli)huric acid, and 0-05 marks ])er cu. m. of \vat(^r ; )ie also allows 
4-50 marks for wages pcT shift. The consumj)tion of steajn per ton 
of ammonium su]])hate is given as 2-77 tons, corresponding to 
7-98 marks per ton of ammonium suljdiate. Thus we obtain a pro- 
duction cost of 8-18 marks per 100 kg. of ammonium suljdiate, or 
32-73 2}fg. 2^er kilogram of NH3, or 39-70 kilogram of nitrogen 

under 2)rc-war conditions. The conditions which exist in modern 
coke ovens are, of (U)urse, much non', favourable. H. Kb2)j)ers 
found that when waste steam was used in the distilling column 
the steam used for tlu' direct 2>roc(?ss amount'd to 0-225 tons 2>c*r ton 
of ammojiLium sul])]uit(^ produ(a*(V On the basis of this figure, and 
of a pri(;e of 2-50 marks 2>er 100 kg. of 00"" Be. sul2diuric acid, the 
cost ])rice of l/)0 kg. of ammonium sulphate would ])e 5*45 marks, 
corrcs2>onding 2 1 -S pfg. per kilogjam of NH3 or 20-5 j)fg. j»er kilo- 
gram of N. . *■ 

If we assume gas ii(2uor tcj be treatc-d by the direct sul2diate 
2)rocess with am])le utili-iation of waste sU'am, we arrive at a cost 
price of 7-45 marks 2^*1' 100 kg. of ammoniicpi sul23hate — that is, 
29-8 j)fg. 2^er kilogram NH3, and 36-2 2^fg- p^r kilogram N. If the 

^ Ullmann, “ Encyclopaedia,” vol. i., pp. 414 t / nrq. 
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Pintsch figures are recalculated for the prjces ruling in 1J317-18 
(20 marks per ton of steam, 5 marks jjer 100 kg. of lime, 15 marks 
per 100 kg. of 60° Be. sulphuric acid, 6 marks wages per shift, 10 pfg. 
per cu. m. of water, increased maintenance costs, etc.), we^obtain the 
following figures ; 1*1 *25 marks per 100 kg. of ammonium sulphate, 

45 pfg. per kilogram NH3, and 54 pfg. per kilogram N. According 
to Pintsch’s figures the pre-war costs of conversion of gas liquor into 
sulphate per kilogram of ammonium snlphat(% and exclusive of the 
cost of sulphuric acid, were about 1-9 pfg. The average sale price 
in 1913 was 28 marks per 100 kg. of ammonium snlpliate (that is, 
1-12 marks per kilogram NH3, and 1*36 marks per kilogram N). On 
March 1st, 1920, the official German maximum prices for 1 kg. of 


nitrogen were as follows ; — 

Mks. 

As ammonium sulphate, ordinary quality 9-50 

As ammonium sulphate, dried and ground 9*85 

As sodium nitrate . . . . .12*50 

As calcium cyanamide . . . . .1*40 


In addition there were trans])ort charges amounting to 2*50 marks 
per kilogram of nitrogen in ajiimonium sulphate or sodium nitrate, 
and 9*30 marks in calcium eyanamid<\ so that the total costs per 
kilogram of nitrog(m amount to 12 marks in ordinary ammonium 
sulj)hate, 10*70 marks in calcium cyanamide, and 15 marks in 
sodium nitrate. 

The average price in CkTinany in 1913 of Chile nitrate containing 
15*6 per cent, of nitrogen was 222 marks per ton, or 1*42 marks per 
kilogram of nitrogen. The price in England in 1920 was about 25.9. 
per ewt. This ])rice is the equivalent of 2*37 gold marks per kilo- 
gram of nitrogen, which at the exchange rate which was then in 
force (in June, 1920) corresponds to 26* 10 marks®2XT kilogram of 
nitrogen . 

The* various values are sum*narised in the following table : — 


Product ion Cosp in Pferrnige 


I’Ttxoss or Prothict 


Voar 


1 Iv« MI3 


1 N 




Small soalo prgductioii 
from gas iKpior. 


I 


Production from gas 
liquor by the washing 
process. 


mi:M4 : 

j 

iyi>-i4 I 


32 73 

J4V1 


Production from gas ! 191^1-14 | 29-80 

liquor by the direct | * j 

process on wuall scale. 


39 70 MK) ^kg. ammonium 

sulphate - 8-18 

17-91 • As concentrated ani- 

inonia(!al liquor, per 

' ton with 25 per cent, 

i NH3. (Market priee 

• I -= 205 marks.) 

30 20 I 1 00 kg. ammonium 

sulphate ™ 7-45 

marks. 
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Production Costs in Pfennige — continued. 


Process or Product. 

Yc ir. 

1 Kg. KTI 3 

1 Kg. N. 

1 BemArks. 

Production TroTn (‘oke 

1913-14 

21-80 

26-50 ^ 

100 kg. ammonium 

' ovens, direct process. 

Production from gas 

1917-18 

46-00 

54-00 

sulphate == 6-45 

marks. 

100 kg. ammonium 

liquor on small scale. 
Washing process. 

Ammonium sulphate. 

1913 

112-(M) 

I 136-00 

sulphate — 11-25 

marks. 

100 kg. ammonium 

Gorman salo pritio. 

Ammonium sulphate, 

192t) 

14.58-08 

' 1200-00 

sulphate == 28-00 

marks. 

ItK) kg. ammonium 

German sale price. 

Haber ammonium sul- 

1913-14 

48-(i 

59-00 

sulphate — about 
2.50-00 marks. 

199 kg. ammonium 

phate. 

Haber ammonia. . 

1913-14 

i 

.30 to .35 

1 

.36-5 to 42-5 

sulphate = 12-15 

marks. 

Manufacture of am- 

Haber ammonia. . 

191ti-17 

41-3 

.50-2 1 

monia. 

Manufacture of am- 

Haber ammonia. . 

1917-18 

About 85-1 

About 103 [ 

monia. 

Manufacture of am- 

Nitro - lime {(Calcium 

191.3-14 


51-25 

monia. 

cyanamide). 





Nitro - lime (C^cium 

1917-18 

— 

About 100 1 

— 

cyanamide). 


i 



Nitro-lime. Sale price. 

1913-14 

- 

114 i 

Garriuge paid in 

Nitro-liroc. Sale price. 

1917-18 


180 i 

(Jermany. 

Nitro-lime. Sale price. 

1929 

— 

1070 1 

— 

Arc process. 

191.3-14 

- 

71-4 as H NO., i 

Aec-ordiiig to American 

(.'hile nitrate, l^urchasc 

191 .Vi 4 


119 

sources. 

1 ton (3iilc nitrate — 

])rice in Germany. 

! 

Chile nitrate. 1‘urchasc \ 

Middle 

- ' 

142 marks 
at German 
locality of j 
con.sumption. ' 
2,680 1 

185-10 marks free 
Hamburg. 

FiXchange rate £1 ster- 

price in Germany. 
Sj/nthetic German j 1 

of 1920 



ling = 160-00 marks. 

Middle 


],.500 

Maximum sale price. 

sodium nitrate. 

of 1920 





The above prices are in fair agreement with those given by 
H. Goldschmidt, which are as follows : — 

1 kg. nitrogen in nitro-lime =- 00 pfg. (pre-war price). 

1 kg. nitrogen from Haber j)rocess — 65 pfg. (war price). 

The average proflucMon cost of Haber ammonia per kilogram of 
nitrogen, according to the above table, is 64-2 pfg., being the average 
of 39-5, 50*2, and 103-0 pfg. According to Goldschmidt, the present 
price per kilogram of nitrogen in Chile nitrate is approximately 
100 pfg. — that is, only 15-OG marks per 100 kg. of nitrate. I con- 
sider this price too low, and have therefore replaced it by 18-51 marks 
per 100 kg. of Chile nitrate, free Hamburg. Even this value is rather 
low. In the German home trade, Chile nitrate was sold 'before the 
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War at 10 to 11 marks per 50 kg. A similar figure, namely 222 marks 
per ton, was used by Ost in calculating the vft-lue of the total t>erman 
imports of Chile nitrate in 1913. In England, in 1920, the price 
of Chile nitrate varied from* 51^. to 535. per 100 kg. — ^that is, from 
about 3*3 to 3*4 shillings per kilogram of nitrogen, in Antwerp 
it was offered at the end of April, 1920, at 145 fr. per 100 kg, — that is, 
9'30 fr. per kilogram of nitrogen. According to Goldschmidt, the 
conversion cost of ammonia into ammonium sulphate is 5 pfg. per 
kilogram of nitrogen — tiiat is, about 1 pfg. per kilogram of ammonium 
sulphate. In calculating Matignon's value for Hal)er ammonia, I 
have assumed the conversion costs to be 1 to 2 pfg. Piiitscli assumes 
1-9 pfg. conversion costs in his calculations. 

When comparing the economic value of the two most important 
processes, the relative fertilising values of Haber ammonia sulphate 
and of nitro-lime must of course be compared, for it would be 
mistaken to compare the manufacturing cost of free ammonia with 
that of nitro-lime, as the former could not bo used as a fertiliser 
as such, and as the ordinary commercial form in which it was used 
before the War as a fertiliser was exclusively that of ammonium 
sulphate. When compared in this way, we find that the ])roduction 
cost per kilogram of nitrogen in Haber ammonium sulphate in 
1913“-14 was slightly higlier than that of the nitrogen in nitro-lime ; 
in 1917-18, however, the cost price of nitrogen in the two products 
was ap})roximately equal. The production (^ost of nitrogen from 
coal in the form of ammonium sul})hate is without exception lower 
than that of the synthetic j)r()du( 4 t, at any rate during the period 
covered by our table. As is known, these relations altered funda- 
mentally later, so that to-day the commercial production of 
ammonium sulphate from by-product ammonia is often very (diffi- 
cult. This change is, however, mainly a consetpiencie of the extra- 
ordinary rise in the price of sulphuric acid, and has little to do with 
the actual production of t}\e •nitrogen compound. Tlie conclusion 
arrived at here, that the production cost of coke-oven ammonium 
sulphate is lower thai^that of the jiynthetic product of the B.A.S.F., 
is in agreement with the view taken by the Association of^Producers 
of By-i)roduct Ammonia before concluding flic sales cemvention with 
the B.A.SrF. • • 

In ftrder to manufacture ammonia and ammonimn sulphate from 
nitro-lime, the latter compound has to be heated with water under 
pressure and the evolved ammonia led into sulphuric acid. Gold- 
schmidt calculates the cost of these opefations to be 30 pfg. per 
kilogram of nitrogeH! This figure is too high for pre-war conditions. 
If this figure were used, the production costs per kilogram of nitrogen 
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in ammoninm sulphate from nitro-lime during the year 1913-14 
would be 81J pfg. This figure, although too high, shows clearly that 
although it was still possible to sell at a profit, the product which 
was obtained could not compare in any way with by-product or 
Haber ammonium su]})hate. , 

The price of nitrogen in Chile nitrate at the locality of consump- 
tion in 1913-14 was 142 pfg. per kilogram, and thus considerably 
higher than in the above-mentioned ])roducts. 

It is clear from the above that on account of the unfortunate 
position of the German sulphuric acad industry nitro-lime is the 
cheapest of the fertilisers ])ro(luced within the boundaries of Germany. 
This statement must, however, be made with one reservation : 
nothing has so far become known of the commercial results of the 
gy 2 )sum ammonium sulphate })rocess of the B.A.S.F., in which 
sulphuric acid is not used ; the methods which have been developed 
of utilising the nitrogen and sulphur of coal for the production of 
ammonium sulphate still belong to the future to such an extent that 
a final opinion of the economic j)ossibilities on the large scale cannot 
yet be formed. The conversion of nitro-lime into ammonia, and the 
further conversion of the latter into either ammonium sulphate, 
nitric acid or nitrates, is economically less favouraldc than the 
utilisation of by-])roduct or Haber ammonia for this purpose, quite 
apart from the fact that it is economically unsound to destroy a 
finished fertiliser, namely, nitro-lime, in order to produce another 
more expensive fertiliser, namely, ammonium sul])hate or nitrate, 
unless, indeed, there are very urgent reasons for the conversion, such 
as difiieidties in selling the original product. The production cost 
of by-product ammonia, in so far as one may speak of a production 
cost of that wliich is essentially a by-})roduct. will always remain 
lower than that ot Haber ammonia. As the import of Chile nitrate 
into Germany on any scale must be considered as impossible for an 
indefinite period, on account of the cost^ there is no reason to expect 
a fight in the German home market between nitro-lime and Haber 
ammonia, as has l)een pro])hesied jri soine quaj^^ers. Whilst the large 
scale induiArial production of Haber ammonia depends on the energy 
of coal, tliat of nitro-liine depends on the development of water 
power. If onl}: from t*lie point of view of the general economics of 
the community, ^t is in the interests of the German coal reser\c3s that 
the nitro-lime industry should be transferrecl to localities where 
cheap water power is available, as is indeed already planned. The 
further development of the Haber process should prevent the 
decomposition of nitro-lime for production of ammonia, as hitherto 
carried out, for reasons which have already been stated. It is clear 
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that in any case the best use of nitro-lime is as a fertiliser.^ Cheap 
new methods of converting it into other products would be a useful 
achievement. Whereas the manufacture of nitro-lime corresponds 
unconditionally to the urgent necessities of these times, m so far as 
it is produced from •German raw materials only, this will not be the 
case with Haber ammonium sulphate until the gypsum pfocess has 
been perfected or until a sufficient quantity of sulphuric acid is 
produced in Germany. The gypsum process was itself a complete 
success. Its general introduction was only prevente<l at first by 
the circumstances of the time. The production of sufficient pure 
sulphuric acid from internal resources is impossible, as insufficient 
quantities of pj^rites are available. The production of sulphur or 
siilphuric acid from gypsum is so difficult (although in one month 
during the War 1,000 tons of SO 3 were obtained from CaS 04 at 
Leverkusen), that the Deutsche Claus-Schwefel-G.m.b.H. in 
Bernburg, had to discontinue the process on account of the 
extraordinarily high working costs, as imported sulphur can be 
purchased much more cheaply than the German artificial product. 
The B.A.S.F. were therefore obliged to develop their gypsum process. 
Bearing in mind that the sulphuric acid radicle in ammonium 
sulphate clearly represents useless ballast (which may in cvitain 
circumstances be harmful by destroying the alkalinity of the soil by 
combining with lime, etc.), the attemj)ts of the B.A.S.F. to prepare 
other suitable compounds from ammonia appear to be fully justified. 
The production of ammonium chloride is in no way an ideal solution 
of the problem, as the disadvantage^^ attaching to the chloride radicle 
arc exactly the same as in the case of the sulphuric radicle. A 1 the 
same time, hydrochloric acid or chlorides, which can be used as raw 
materials, arc domestically available in quantit^^ so that at le^st 
one economic requirement of Germany is thus niet. The best 
solution of this problem is, on the one hand, the preparation of urea, 
urea derivatives, ammonium carbonate, and so forth, that is, of 
materials similar to those in stable manure — the ])rimitive material 
used for the purpose— to which we now return by a complicated 
series of processes, or, on the other hand, tl^ oxidation of ammonia 
to nitric acid followed by the manufacture of g^mmonium nitrate, 
synthetic nitrates and mix(Hi fertilisers. These problems have, of 
coursc,®to be faced, not only by the Haber ammonia process, but 
also by the manufacturers of by-product ammonia from coke ovens 
and gas worlj^s, who have also to cope with another similar problem — 
namely, the simultaneous utilisation of tlie sulphur contained in 
coal. The German* coal production in 1913 was 191,000,000 tons. 
Assuming that the production of ammonia from this is, on the average., 
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0-2 per cent., this represents 382,000 tons of nitrogen, and, assuming 
an average sulphur conient of 2 pef cent., it represents 3-82 million 
tons of sulphur, equal to 5*85 million tons of sulphuric acid. These 
figures are, of course, of relative value only. They show, however, 
th^t the quantity of sulphur is amply sufficient ‘to form ammonium 
sulphate with the ammonia which can be produced. In spite of 
various promising beginnings, associated with the names of Burk- 
heiser, Feld and others, we are still far remove d from success in this 
promising field. 

According to Parsons, the arc process requires almost five times 
the amount of power per unit of fixed nitrog(‘Ti required by the 
nitro-Urne process, and its economic prospects in Germany are there- 
fore in general unfavourable. It oilers the advantages, however, 
that nitric acid is produced without the formation of ammonia as an 
intermediate product, and also that it uses air directly as a raw 
material. As will be explained later, it achieved relatively little 
importance in Germany during the War, for the reason that the cost 
of electric energy plays a main part. It will therefore only be able 
to maintain itself in future in localities where clieap water power is 
available, and therefore ])() 8 sibly in Uj)per Bavaria. 

In the Haber-Bosch process, in connection with which the 
general question of the economics of nitrogen fixation has been just 
discussed, the value of the raw materials is greatly increased. At 
the German sale price of ammonium sulphate in 1913, 1 kg. of NH 3 
represented a value of 112 pfg., whilst, according to one of the earliest 
publications of the B.A.S.F., the values of the raw mate^rials necessary 
for its j)roduction are apjiroximately as follows : 0-176 kg. of 

hydrogen — 1-96 cu. m. (value 17-5 ])fg.)> 0-823 kg. of nitrogen 

= 0-66 cu. m. (valjie 2-5 pfg.). Incidentally, the latter price appears 
rather high. * 

Parsons, whose investigaticjiis on the various synthetic processes 
depend on reliable sources, emphasisos the fact that the Haber- 
Bosch process is certainly the cheapest method of synthetic pro- 
duction of ammonia, as the tot^d energy r(?quirements are small, 
and it is Dierefore ind(^|jcndent of cheap sources of power. On the 
other hand, the coal raquirements are larger than those of the nitro- 
lime process. In agreement with the value given in the above table, 
Parsons mentioAs elsewhere a production cost of about 4 erfhts per 
pound, that is, about 33 pfg. per kilogram, of pure anhydrous liquid 
ammonia, und(T pre-war conditions. The plant required for the 
Haber-Bosch i)rocess is* naturally rather sensitive, and requires 
frequent repairs and replacements, in spite of the large amount of 
technical skill bestowed on its design. In his calculations. Parsons 
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allows 20 per cent, of the installation cost for repairs, intej'est and 
wear and tear, as amortisation* when considering the Haber-Bosch 
process, and McConnell, when discussing the Oppaii Works, 
assumed that in a normal period such a plant would stand completely 
idle for at least one-*tenth of the year for repairs, an assumption which 
is also made by Parsons. The rapid increase in production costs 
shown in the table is presumably accounted for by the increased 
costs of repairs during the working period, mainly due to war-time 
extensions and new war-time plant. In his book Weltwirlschafts- 
chemie ” (1921), W. A. Dyes very severely criticises the German 
nitrogen industry, particularly that branch of it concerned with the 
production of nitro-lime (pp. 12B, 587 et seq.). 

The Oppau Works were extended by additional capital supplied 
by the Aniline Combine, for which purpose the firms of the old 
triple alliance increased their capital in 1915-16, B.A.S.F. and 
Fr. Bayer & Co. by 54,000,000 marks each, and Agfa by 19-8 
million marks. In 1916 tlie extended Interessengemeinschaft was 
formed by the admission into the original combination of the 
se(;ond triple alliance (Hochster Farbwerke, Lcoj)old Cassella & Co., 
Kalle & Co.), and also of Weiler-ter Meor, of Grdingen ; certain 
of the component firms, such as H()(;hst, increased tl}eir ^ capital 
at the same time. The old aniline eombinaiion, including the 
B.A.S.F., on tlie one hand, reserved tlieir rights ap])ertaining to the 
Haber process, which were excluded from the; general pool, and, on 
the other hand, the grou]) w^hich included Farbw^erkc Hbehst 
similarly reserved their rights a]f|)ertaining to the* manufacture of 
nilro-lime, calcium carl^ide, acetic acid from carbide, and so forth. 
The Chem. Fabr. Griesheim-Elektron entered the enlarged l.G. in 
1917, and also reserved to themselves special rights for certain of 
their products. The year 1917 was characterised by further large 
increases of capital, amounthig to 36,000,000 marks each for the 
B.A.S.F., Leverkusen and Hbehst (the capital of each being raised 
to 90,000,000 marks) ; 13*2 million marks for the Agfa, with a total 
capital of 33,000,000 Quarks ; 9,0^tM),000 marks for Griesheim, with a 
total capital of 25,000,000 marks; I5,00j^,000 marks for Leopold 
Cassella (now 45,000,000 marks) ; and 32*4 ntillijm marks for Weiler- 
ter Meer (now 10-4 million marks). These capital extensions were 
completely overshadowed by fhose which took placTe in 1919. These 
were undertaken partly in order to meet foreign competition, to cope 
with the depreciation of the currency, and also in order to provide 
the necessary means to complete the extensions of the nitrogen 
industry without participation by the Imperial Government, and to 
consolidate the enterprises at Oppau and Leuna, which had already 
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absorbed several hundred million marks of the I.G. The dis- 
tribution of preference shares with increased voting rights was a 
measure directed against the introduction of foreign capital, which 
threatened to absorb a majority of the shares. The new distribution 
of ordinary Ishares led to the following relative share interest, and to 
378*4 million marks of new capital, as shown in the following table, 
expressed in millions of marks : — 



Previous 

Capital. 

New 

Now Pie 

I^roKont 

H Mort- 


Ordinary 

fereneo 

total 

' pajyos. 


Shares. 

Shares. 

Capital. 

; 1916. 

Hochst 

90 

90 

72 

252 

' 8*74 

B.A.S.F. . 

90 

90 

72 

252 

21*11 

Leverkusen . 

90 

90 

72 

252 

25*00 

Agfa .... 

33 

33 

26*4 

92*4 

1 7*82 

Griesheim . 

25 

20 1 

18 

63 

i 4*88 

Weiler-ter Meer . 

10*4 

10*4 

8*3 

29*1 

2*56 

Kalle & Co. 

— 

— 

— 

— 

3*75 

Leop. Cassella 

45 

45 

36 

126 

10*00 

Total 

3H3-4 

378*4 

304-7 

i 1066*5 

83*86 


Apart from the purely business aspect of this enormous capitalisa- 
tion, the figures have also a psychological value*. They represent the 
confidence «of the^ German lieavy chemical industi’y in tlie financial 
and technical sucjcess of the Habt*r-Bosch ammonia synthesis. On 
conclusion of the main capital transaction, the r(‘served riglits within 
the I.G. were annulled. The old triple alliance of the B.A.S.F. 
surrendered their special rights to the Haber process as from January 
1st, 1919, and the Hochst group vsurrendered their rights in con- 
nection with the manufacture of nitro-lime, etc., which had for some 
time become relatively less imj)ortant the Haber-Bosch process. 
The special Griesheim rights were only surrendered at the end of 
1919. The increased capital requirements of ^^he above-mentioned 
large firms 'were also met, apart from their increased share capitalisa- 
tion, by means of debentures — ^for example, the 4J per cent, deben- 
ture issue of the B.A.S.F. in 1919 of 50,000,000 marks. *The firm 
of Leopold Cass^iJla further inen^ased their capital in 195sO by 
68,000,000 marks, making a total of 194,000,000 marks. 

The actual production of the Oppau Works in 1913 was 4,000 tons 
of nitrogen, corresponding to 20,000 tons of ammonium sulphate. 
It was to have been extended to 30,000 tons "ctf nitrogen annual 
output capacity, corresponding to 150,000 tons of amifionium 
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sulphate. In consequence of the demand due to the War, wh^h had 
broken out in the interval, the capacity was doubled, and was 
further increased at a later date. In 1918-19 the production at 
Oppau was about 70,000 tons (actually 06,700 tons) of fixt^d nitrogen. 
The total German jSroduction of Haber nitrogen for the calendar 
year 1917, is estimated to have been 100,000 tons of nitrogen. As 
the contribution of Leuna-Merseburg was at that time not very 
important, the main proportion of this production must be ascribed 
to Oppau. As already mentioned, the cost of construction of the 
Oppau Works, according to foreign sources, was £5,000,000 to 
£10,000,000, or $75,000,000, and there were 1,500 labourers, 3,000 
artisans, 350 clerical officials, and 300 technical officials, including 
engineers, chemists, etc. The daily production of NH 3 was about 
250 tons, and 1,750 tons of lignite and 500 tons of coke were used 
daily. After the completion of the extensions ^ })1 inned for the end 
of 1919, Gppaii will produce approximately 100,000 tons of fixed N 
per annum. 

Although, therefore, the contribution of Haber ammonia from 
the B.A.S.F. towards the nitrogen requirements of Germany was 
already very considerable, amounting to 400,000 tons of nitrogen 
for the year 191 (>, deliveries were by no means sufficient to me* i, the 
requirements of the so-called Hindenburg jjrogramme of 1916. 
Plans were therefore considered for the erection of a large new works 
to produce ammonia by the Haber-Bosch i)rocess. A further exten- 
sion of the Oppau plant would not have been suitable, for military 
reasons, for Oppau was essential^ within the zone of action of 
enemy aircraft, by which it w^as repeatedly attacked with more or 
less success in S 2 )ite of energetic measures of defence. Although 
during such periods of serious danger the nitro^lime works ccmld 
serve as suppliers of nitrogen for munitions, the gent’ral welfare was 
little served by such diversion, on account of the consequent dimi- 
nution of nitro-limc supplies to the agricultural industry. The 
determination to erect an effective plant for the production of Haber- 
Bosch ammonia in tli^ centre of Germany, utilising for the purpcjse 
the exceptionally cheap Central German ligijite, was further fortified 
by the fact that in spite of the enormous (Uwnayds of the munition 
industry, it was decided that further nitrogenous fertilisers must be 
supplied at all costs to agriculture, which absorbed 100,000 tons of 
fixed nitrogen for the harvest of 1916-17, this being about 50 per 
cent, more than the peace-time requirements in 1913, or 100 per cent, 
more than the requirements of 1909. Meanwhile Oppau had 

^ KetArdod by the catastrophe of 1921, which involved the l.G. in considerable further 
capital requirements. 
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practically ceased to manufacture ammonium sulphate ; for the 
year 1916-17, the main products are stated to have been ammonium 
nitrate, sodium nitrate, nitric acid and liquid ammonia. There was 
also a better opportunity in (fcntral Germany of avoiding the use of 
sqlphuric acid, which was very scarce, by utilising the very large 
deposits rof gypsum in the South Harz for the manufacture of 
ammonium sulphate. At the end of May, 1916, the B.A.S.F. decided 
to erect a large new nitrogen works ck)se to Merseburg -Corbetha 
(near Halle-a.-S.) on a property measuring about 6 x 1 km. For 
the ereetion of this j)lant several hundred million marks were 
advanced by the Imperial Government, which were to be repaid 
with interest in the form of a proportion of the production beyond 
a definite yc'arly minimum. In order to ensure supplies of lignite 
for th(^ enormous new works, the B.A.S.P\ acquired not only the 
lands and rights of Ihe Wallendorfer Kohlenwerke, liut also a com- 
pletely equipped colliery, Dorstewitz-Rattmannsdorfer Braunkohlen 
AG., by acquiring the wliole of their share caj)ital at a very high 
figure (Wallendorf(‘r, 400 ])er cent., and Dorstewitz-Rattmannsdorfer, 
300 per cent.). The latter enterprise had never been able to show a 
profit, in spite of having existed many years, so that in this case, as 
in that of the Wallendorfer pit (20,000,000 marks for 5,000,000 marks 
share capital), the consideration seems to hav(' been very high. The 
new works, Leiina-Werk,'' or “ Ammoniakwerk Merseburg," was 
first intended to fix 30,000 tons of nitrogen, then a further 100,000 
tons, and, finally, a further 70,000 tons — that is, a total of 200,000 tons 
of nitrogen ])er year. The ereetion was so rajiid that ammonia was 
already being produced in the early summer of 1917. By the 
acquisition of gypsum quarries at Nicdersachswerfen, on the southern 
bopder of the Harz, not far from Nord hausen, a supply of gypsum 
for the manufacture of ammonium siiljdiate was assured. In 1918 
the av(U’age daily outj)ut. at Leuna was 400 tons of NH3, or about 
330 tojis of fixed nitrogen, corres])onding to about 110,000 tons of 
nitrogen per year. 

Tlu^ change in the military position of GerAiany and the political 
upheaval ni th(^ late autumn of 1918 had the most serious effect on 
the activities of the nitrogen industry. Ojipau ceased production in 
consequence f)f*lack of coal from the end of Novem})er, 1918, until 
June, 1919, and ‘after December, 1918, the production at Mcrseburg- 
Leuna was disturbed, and repeatedly interrupted by strikes and by 
lack of e.oal. The conditions of production only improved very 
slowly. At the end of May, 1919, Leuna produced 200 tons of nitro- 
gen daily in th(‘ form of concentrated ammoilia liquor, but the 
complete^ utilisation of the ])lant was partly prevented by manu- 
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factoring difficulties among its large consumers (Agfa, ^dchst, 
Griesheim, Piesteritz, etc.). The gypsum ammonium sulphate plant 
had at first to contend with manufacturing difficulties before regular 
working became possible. The production was about t50 tons per 
day at the commencement of May, 1919, and 200 tons j)er day ki 
July, 1919, but it is intended that it should be increased to about 

1.000 tons of sulphate per day, equal to 3Q,000 tons of sulphate per 
month, equivalent to 6,000 tons of nitrogen. Broadly speaking, the 
production of fixed nitrogen in 1919 was very small in comparison 
with the actual output capacity for reasons unconnected with the 
plant. In spite of the fact that the explosive industry no longer 
existed, only 54,400 tons of nitrogen could be delivered to German 
agriculturalists from May 1st, 1918, to October 31st, 1919, compared 
with 92,334 tons of nitrogen from May Ist, 1917, to April 30ih, 1918. 

After the complete extension of the works at Merseburg in 1921, 
Oppau and Leuna could together j)roduce 300.000 tons of nitrogen 
per year ; the previous total output capacity was about 200,000 tons 
per year. Over 1,000,000,000 marks has been invested in these 
two nitrogen fixation plants. 

There were employed at Leuna early in 1921 about 10,000 labourers 
and about 10,000 building operatives. The industrialisation o'* :he 
Merseburg distri(!t has been greatly aided by the erection of the Leuna 
Works. The numbers employi‘xl in the lignite works of the Geiseltal 
were 2,464 in 1914 and 12,860 in 1920. At the close of 1920 the 
ammonia works at Oppau and Leuna were removed from the control 
of the B.A.S.F. and l.G., and now form a new independent limited 
company, with 500,000,000 marks capital, domiciled at Ludwigshafen. 
Shares have been taken up by tlu' eight firms of the T.(L in the 
proportion of their share capital; the B.A.S.F. cott^toI, for example, 

125.095.000 marks of ordinary shares, according to t?ie j)roceedings 
of the extraordinary general meeting at Mannheim on November 
27th, 1920. The foreign patetit rights, and the Haber-Bosch process, 
have not become the property of the new company, but remain, 
as before, reserved Ify the old -l.G. (Ludwigshafeii-Lcverkusen- 
Treptow). The Kna])sack })lant is also excluded from the new 
limited company. The Merseburg lignite iitterfsts^are, however, 
included to some extent. The production at Leuna is to be increased 
and maintained at 200,000 tons? of nitrogen per ann&m, and that at 
Oppau to 100,000 tons. The Aniline Combine is to be continued 
until Decemlier 31st, 1999. 

The close interconnection Ix^tween Hoc1:ist and the B.A.S.F. is 
also indicated by the fact that Hochst is interested to the extent of 
2-81 milfion marks in the Elise II. pit, which was acquired by the 
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B.A.S.F. in 1916 from the Werschen-Weissenfelser Braunkohlen A.G. 
for 9,000,000 to 10,000,000 marks. Apart from the extension of 
ammonium sulphate production at Oppau and Leuna, the B.A.S.J'. 
is concerned with the production of ammonia oxidation products in 
Oppau and otlier works of the I.G., and of many different kinds of 
mixed feHilisers, such as potassium ammcmium nitrate, ammonium 
sulpho -nitrate, ammonium chloride, urea derivatives, and other 
substances. In order to overcome the objection of agriculturalists 
to the new fertilisers, the B.A.S.F. founded several agricultural 
advisory stations in 1920. 

Various communications in foreign journals are of interest in 
forming an opinion of the Haber-Boscli process. A French Com- 
mission report that they were told when inspecting the Oppau plant 
that : ‘‘If they saw the jdant they would not be able to reproduce 
it, and even if they erected it, they would not be able to work it.” 
R. E. McCbnnell and E. C. Worden also acknowledge the superiority 
of the German Haber-Boseh process. The chairman of the English 
Nitrogen Products and Carbide Company states that it is improbable 
that the process wiU be worked to any extent outside Germany, that 
the working of the expensive and complicated plant Requires very 
high technical ability, and that the process will also be very much 
influenced by fluctuations in tlu^ j)rice of coal. The American process 
of the Genc^ral Chemical Company, whi(*h was to have been worked 
on similar principles, was a fiasco, and the? prospects of the French 
Claude ])rocess cannot, at present, be considered to be 2 )articularly 
favourable. 

In common with the coke-oven and (‘.oal-gas by-product industry, 
the cyanamide and Haber-Bosch processes yield ammonia, Init no 
nitric acid. When, therefore, on the outbreak of war, the demand 
for nitric acid ‘iind nitrate suddeidy increased, the necessity arose of 
manufacturing nitric; acid synthetically. As the cost of power 
appeared to render the development of* the direct process of burning 
atmospheric nitrogen impracticable Ln Germany, attention was 
entirely chrected to the oxidation of ammonTa. No large scale in- 
dustrial experience exii^ted in this field, for in the whole of Germany 
there was only oi^; imimportant plant — fit the Lothringen Colliery 
near Gerthe in West phalia — wdiere ammonia was oxidised . In pre-war 
Germany, whicfi was entirely unpref)ared for .warlike operations, no 
connection existed between the War Ministry or the Department of 
the Quark;rmaster-Gencral and the modest beginnings of the 
nitrogen industry. As a matter of fact, the very names of the Oppau 
and Gerthe plants were quite unknown to tfie authorities. The 
whole industry had, therefore, to be remodelled in order to cope 
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with the steadily increasing requirements of the military 
authorities. 

The first work published on the oxidation of ammonia to nitric 
acid with a platinum catalyst was that of the Alsatian, Kuhlmann, in 
1839.^ These results* were followed up further by W. Ostwald in 
Leipzig, and were first reproduced on a technical scale on the Konigs- 
wusterhausen property of the Zentralstellc fiir Wissenschaftlich- 
technische Untersuchungen, Neubabelsberg. In 1905-6 the Direc- 
torate of the Lothringen Colliery at Gerthe, near Bochum, West- 
phalia, co-operated with W. Ostwald in order experimentally to 
apply the oxidation process to their by-product ammonia. The first 
industrial plant was erected at Gerthe in 1908. Meanwhile W. 
Ostwald developed his process further, jointly with E. Brauer. 
Tlie patents which he applied for in France, England, Switzerland, 
America, and other countries, were granted, but a German patent 
was refused to him on account of the publications of Kuhlmann. 
The Ostwald process was therefore worked in Germany as a secret 
process. In 1910, the works were removed to Vilvorde, in Belgium, 
where manufacture by the process commenced in 1912. Ostwald 
and Brauer also erected an experimental plant for the Chemische 
Fabrik Grieshcim-Elekiron. Details of the laboratory prt/cess w 
also supplied to tlie Hochster Farbwerke. Detailed technical data, 
with all constructional details, were also communicated to the Berlin 
Anhaltische Maschinenbau A.G., a representative of which firm 
watched the working of the process at Gerthe for several days. 
Certain communications were also ^nade to interested persons in 
France and in the United States, who inspected the Gerthe plant 
during erection and when at work. Neither Ostwald nor Brauer 
took any part in the large scale development of the qxidation process 
during the War. The English Nitrogen Products and Uarbide Com- 
pany acquired the Ostwald process before the War for 7-39 million 
marks (£369,500). • * 

The refusal to employ the process which w^as encountered in time of 
peace, in spite of all attempts to intyoduce it, was mainly due to the 
very small difference in price which then existed between nitrogen 
in the forms of ammonia and of nitric acid* "fhe only concern 
in Germany which found a basis for financing a new plant was at 
that tim? the Gewerks^haft Zecfle Jx)thringeu, by uSing their own 
by-product ammonia. In spite of many publications and suggestions 
by W. OstwalcJ ^ before the War, the fact that other considerations, 

' Ann. de chimif, 29, 281 (1839). 

® Zeitsch. d. Vtr. dMsch. Ing.^ 1903 ; Vliem. Ztg., 1903, p. 457 ; Berg u. UMten- 
mann Munds£hau, 8 , 71 (1906); Schwdbischer Merkur, 1908; see also Schmidt und 
Bockor, Berichte, 1906, p. 1366. 
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such fis those of national defence, might render the development of 
this extremely important 2 )rocess desirable, was not generally 
recognised by the official and technical authorities concerned. The 
process was also tried by the Erzherzoglich Friedrichschen Werke 
in Austrian Silesia. 

The credit of having first called attention to the difficulties of 
supplying the demand for nitrate during the War belongs to the late 
Prof. E. Fisclier, of Berlin. He first drew the attention of official 
Germany to the existence of the Gerthe plant, of which he had only 
heard by accident, according to a communication of Director P. 
Hilgenstock, of the Gewerkschaft Lothringen, of September 28th, 
1914. It was at his instigation that the Government entered into 
close contact with the Lothringen Collier}^, as neither the General 
Staff nor the War Ministry nor the Quartermaster-General had 
previously attached to this question the really vital importance to 
which it was entitled. Very little importance was attached in 
Germany to industrial war measures, eitlier in this or in other 
directions, on account of the conviction that the War would very 
quickly bo over. As already indicated, the first suggestions were 
for the erection of enormous ]>lants for the production of calcium 
nitrate by the arc process. This plan was cmly droi)ped tlirough the 
opposition of the experts, who pointed out tlie impossibility of the 
necessary sui)p]y of power, and also the t(‘chnical and construc- 
tional difficulties. A furth(*r obje^et at the time was also the adapta- 
tion of the first oxidation plants for the ])roduction of highly con- 
centrated nitric acid. The Ldliiringen (V)Ili(Ty seriously criticised 
this plan, and recommended the mucli i]iOT*e reliable method of 
preparing synthetic nitrate and ammonium nitrate, which proved 
excellent in practice. 

At first the Gerthe plant treated only 25 tons of ammonia gas 
per month, from which it produced J50 tons of nitric ac^id of 36° Be. 
(52*8 per cent. HNO3), corresponding* to an average yield of 83 i)er 
cent. In association w^ith the Lothringen Colliery, the German 
Gove^rnment formed during the War a limited company called 
Chemische Werke Lpthringen (bm.b.H. at Gerthe, Westphalia. 
The Government^ subscribed one-half of the capital of ] 0 , 000,000 
marks, and also made several loans to the com])any. At the end of 
1917 the Gerthe Works already treated 40.dank waggons per day 
of ammonia liquor from the coke ovens, containing 16 to 18 per cent. 
NH 3 (— 100 tons NH 3 I, from which it produced abojit 160 tons of 
synthetic calcium nitrate and 100 tons of ammonium nitrate. These 
figures show a total yield on the nitrogen of* about 74-6 per cent. 
In 1920-21 the Lothringen Colliery was converted into a joint stock 
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company with a capital of 75,000,000 marks, as its previous 
organisation was unsuitable for so large an undertaking. The con- 
version was effected by converting the company “ Bergbau A.G. 
Mark,’' whose shares were entirely in the possession of the Loth- 
ringen Colliery, into the Bergbau A.G. Lothringen on January Ist^ 
1921. As from that date, the Bergbau A.G. Lothringen, the firm of 
Henschel & Sohn of Cassel, and the Essener Steinkohlen-Bergwerke 
A.G., entered into an agreement for fifty years, which was to lead to 
a subsequent amalgamatk)n. The registered office of tlie ‘‘ Henschel- 
Lothringen-Steinkolilen-Vereinigurig " was at Bochum. The Loth- 
riiigen Colliery produced 652,375 tons of coal in 1919, and 826,106 
tons in 1920, and also produced 237,596 and 264,242 tons of coke 
respectively in the same two years (Report of the Extraordinary 
Meeting of the Company in 1921). 

Ostwald and Brauer used contacts of jdatinum foil, and K. Kaiser 
first suggested the use of jdatinum gauze. In 1912 he erected an 
experimental plant at Spandau, wliere he worked with admixture 
with hot air. The higli yields which were first recorded, some of which 
exceeded 100 per cent., were finally found to be due to analytical 
errors. Tlie process, wdiicli is described in German Patent 271,517, 
and was re])eatedly shown to English, French and American intor^' ts 
in 1912-13, was unable to obtain further support. According to 
analytical figures. Kaiser obtained a yield of 95 to 97 per cent, of 
the theoretical in the contact unit. 

Platinum w^as too difficult to obtain and far too dear to be used 
in large-scale war plants for tlie conversion of ammonia into nitric 
acid. The B.A.S.F. therefore re})eated the older experiments, using 
iron oxide as a contact material. The Elberfelder Farbenfabrikein ^ 
had already carried out investigations on similar lines (sec German 
pat. 168,272; French ])at. 335,229), as had also '!>. Meneghinis 
and others. 2 The process of the B.A.S.F. is characterised by an 
admixture of bismuth oxide ; jtVnables better yields to be olffained, 
and therefore constitutes a great improvement. It had already been 
tried on a small scale brfore the Wax. Large scale technical experi- 
ments were commenced in SeptemlxT, 1914 and led to the^erection 
of works in the spring of IKIT). The ()j)pau A;prks werp the first to 
take up the'new process, and in 1918 tiiey could prodifce 100 tons of 
(100 percent.) nitric ac^d daily l)y this process^. The emtput capacity 
of the Oppau plant at the end of the War is stated to have been 200 
tons of nitric acid daily. 

Shortly after the commencement of th8 War, the Frank-Caro 

• • 

A r/rm. Ztg., 1904, p. 531. 

Ibid,, 1913, Repert , p. 378. 
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groug^ also became interested in the oxidation of ammonia. Prank 
and Caro had claimed tlic use of the rare earth oxides, especially 
cerium and thorium oxides, as catalysts, in their German pat. 
224,329 ; they now turned to the use of platinum contacts. I will 
Quote Charles L. Parsons ^ with regard to the first negotiations : — 

“ They gathered together near Berlin some of the best chemical 
engineers of Germany and of the Scandinavian countries. For- 
tunately, W. S. Landis, a representative of the American Cyanamide 
Company, was also present. He ol)tained much imi)ortant infor- 
mation and secured autoclaves and other machinery which, in spite 
of great difficulties, he succeeded in bringing to this country (U.S.A.). 
During the early part of 1915 he installed these autoclaves in an 
American munitions plant/’ 

The Frank-Caro group used platinum gauze. The plant for 
this process was erected by the Berlin -An haltischen Maschinenbau 
A.G. (Bamag), of Berlin, which had already co-operated with the 
Lothringen Colliery in the development of the Ostwald process. By 
the end of 1915 the Bamag had either erected, or was erecting, 30 
plants with a total output capacity of more than 100,000 tons of 
nitric, acid ; according to Parsons the condition of these in 1915 was 
as follows : — 

Completed plant, yearly output capacity, 12 , 000,000 kg. NH 3 . 

Projected plant, yearly outjmt capacity, 17,000,000 kg. NH 3 . 

The Frank-C/aro-Bamag process was first developed in quite 
small units in sulphuric acid v,.orks (for use in the lead chambers), 
before being transferred to the actual nitrogen industry. Schuphaus ^ 
gave such detailed information, accompanied by exact drawings, that 
foreign interests became fully conversant witli all details for the 
process, and.v^re \inable to understand how the German censors 
had passed the information. “ It is hard to conceive how the German 
Government could have allowed t}A‘. jmbli cation of this article.” 

The Farbcnfabriken, Fr. Bayer & Co., in Leverkusen, used the 
iron-contact process. They produced 6,000 to 7,000 tons of synthetic 
nitrate, <ind 1,000 to 1,500 tons of nitric acid, of 40 to 47 per cent., 
monthly. The Farbwefke vorm. Meister Lucius & Briining, in Hochst, 
used a platir>dm ^contact, and produced up to 8,000 tons of nitric 
acid monthly , /calculated as 100 i)ei; cent. acid. The HdchsCer Farb- 
werke developed thei/ j)rocess at Gersthofen on a large scale on the 
basis of Ostwald’s experiments. The A.G. fiir Anilinfabrikation at 
Berlin-Trcptow and Bi</terfeld-Wolfen used iron oxide contacts, but 

* J. Ind. Chem., 11, No. C, June let, 1919, pp. 541-652. 

» MelaU. und Erz. [2J 13, 22 (1916). 
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the Chem. Fabrik Griesheim-Elektron, who had also previously 
worked in conjunction with Ostwald, used platinum contacts* The 
Manfried oxidiser of Siegfried Barth, Diisseldorf, represents an 
entirely new development. t)f the various contact masses which 
have been proposed, platinum and iron oxide alone have so far 
proved satisfactory in practice. 

The condensation of the dilute nitrous gases is a very important 
problem in connection with the ammonia oxidation process, the 
difficulties of which for some time appeared to threaten its future, 
and are still greater in the case of the arc process. 

All arc processes arc based on the old oi)servation of Cavendish, 
1781-84, that when electric s])arks are passed through air, nitric acid 
or nitrogen oxides are produced. A. Neu burger ^ has made an 
important contribution to the early history of these processes. The 
credit for having first thought of a tecdinical utilisation of Cavendish’s 
observations belongs to Madame Lefebre, of Paris, who in the year 
1859 a])plied for an English ])atent. No. 1045, for the Manufacture 
of Nitric Acid,’' which was in advance of the s})irit of her time. 
Madame Lefebre used an apparatus which was similar to that of 
Muthmann and Hofer ^ ; she recognised that admixture of oxygen 
was advantageous. Her ])atent specificatiojj includes a plan /i, 
manufacturing plant, which naturally could not be developed at 
that time, as electro -technology was still in its infancy ; but it 
remains interesting in the sense of Ben Akiba, as it already indicated 
the direction in which a successful solution of the prolfiem lies. The 
first technical plant was that of the A<tnios])heric Products (Company, 
in Jersey City, N.Y., which w^as erected according to the proposals 
of Bradley and Lovejoy, in 1902, but soon ceased manufacture. 
The work of the Norwegian inventors, Birkeland and Eydc, who 
had studied the question since 1903, met wdth mor^uccess. 0. N. 
Witt has contributed a valuable pa 2 )er on the 2 m)cess, which proved 
so successful at the experimental jJant at Ankerlokkcn, near Chris- 
tiania, and at the subsequent larger experimental works at Vasmoen, 
near Arendal, that lange-scale manufacture w^as commenced at 
^Notodden on May 2nd, 1905. The Kjukan Works werP added 
later. * . 

Meanwhile the large German firms had also interested themselves 
in the nkric acid problem. Thcb experiments^ of the»B.A.S.F. were 
started in the nineties of last century at the instigation of their far- 
seeing director, H. v. Brunck, and in the course of these, Schonherr ^ 

^ Zeitsch. f. anyeiv. Chem., 1906, p. iSsO. 

2 Bcrigfde, 36. 438 (1903). 

» Chem. Ind., 1905, pp. 699-707. 

* EleklroUchn. Zcitsch., 1909, Heft 16 and 17. 
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invented his process in 1905 ; this was first tried at Ludwigshafen, 
using 300 k.w., and then at the larger experimental works at 
Kristianssand, in the sonth of Norway, using 1,300 k.w. Manufacture 
was started at Kristianssand in the autumn of 1907. At the end of 
,1906 an agreement was already made between the Norsk Hydro* 
elektris-k Kvaelstof-Aktieselskab, which worked the Birkeland-Eyde 
process at Notodden, and the I.G., represented by the B.A.8.F. 
The ].G. at that time included the three largest dyestuff manu- 
facturers, namely, tlie B. A.S.F., Bayer & Go., of Leverkusen, and Agfa. 
The Rjukan Works were to be built by these j)arties conjointly, and 
were to use both the Birkeland-Eyde and the 8ch6nherr processes. 
The share capital of tlie nitrogen works was 1S,000,000 kr., and that 
of the power company 16,000,000 kr. : a French-Norwegian group 
were responsible for half of this sun), and for the other half the 
combination of the GcTman nitrogen factories in the proportion of 
their interests, namely, 43 : 43 : 14. These Norwegian holdings 
declined in importance on account of the develo 2 )mcnt of the 
Haber-Bosch ammonia syntlu'sis. In 1912 the l.G. cancelled the 
agreements, and the Norwegian interests were almost completely 
liquidated. 

Whilst the processes of the Freiburg })hysicist Kowalski and his 
fellow -worker, Moscicki, acquired no importance in Cxcrmany, the 
Pauling process found considerable application. The first plant 
according to this system was built by the Salpetersaurc Industrie- 
G.m.b.H. (Msenkirehen, at Patsch, near Innsbruck, and has now 
been leased to the Elektrochen:ische Industrie G.m.b.H., of Cologne. 
The financial inten^sts in these various companies have been united 
to form the Internationale Stickstoff A.G., of Wiesbaden, which 
u, concerned with the develo])ment of the Pauling process. The 
plant at Pai;scli worked favourably, but the Internationale Stick- 
stoff A.G., which had a capital of 2,068,000 marks, showed increasing 
deficits, although 932,301 marks were written off in 1915, and 986,900 
marks in 1917. The company paid no dividends in 1919-20, and 
has ceased to be interested in the Elektrochcmische G.m.b.H. of^ 
Cologne! 

A Pauling instalhition was laid down at the railway power station 
at Muldenstein, near Bitterfeld, Province Saxony, in order to 
equalise the jfower load, but only worked fqr a short tim^, and was 
then closed down — ^it is said on account of the working costs being 
too high. A new Pauling plant is to be built in Upper Bavaria 
(see below). 

In order to cope with the shortage of nftric acid in Germany 
during the War, the AUgemeine Elektrizitats-Gesellschaft (A.E.G.) 
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and the Chem. Fabr. Griesheim-Elcktron formed two compa^iies iu 
1915, namely, the Elektrosalpeterwcrke A.G., of Berlin, and the 
Elektro-Nitrum A.G., of Rhiiia-i.-B., each with 3,000,000 marks 
capital. The first company was first located at Zschornewitz and 
Grafenhainichen, near Bittcrfeld. The works were at Zschornewit:?, 
and received their current from the Elcktrowerke A. G. • (Berlin) 
Zschornewitz-Golpa, which, until 1014-15 belonged to the firm 
Braunkoldonwcrk Gulpa-Jessnitz. This power station was to supply 
240,000,000 k.w.h. per annum, and also supplied the Piesteritz 
Works and the towns of Berlin, Leipzig and Magdeburg. Current 
was first delivered to the nitric acid works in September, 1016. In 
the business year 1016 -17, these works already ai)sorbed 53,382,708 

k. w.h. The works were completely destroyed by a serious explosion 
at about 0 p.m., dune IStli, 1017, and iiave not since been rebuilt. 
On the other hand, the Elektro-Nitrum A.G., at Rhina-i.-B., on the 
Murg, near Sackingen, is still working smoothly by the same process, 
the Sicbert process, in which the nitrogen oxides are directly liquefied. 
The gross working profit w'as 2,076,646 marks in 1017, and 2,620,068 
marks in 1018 ; aftcT writing off 1,432,051 marks in 1017, and 

l, 203,026 marks in 1018, tlie nett loss for the two years w^as reduced 
to 413,128 marks, and 569,087 marks resj^ectively. 

At Patseh 15,000 h.p. are available, of which only 6,000 were at 
first used ; it was inUuided that 15,000 k.w. should be used at 
Muldenstein, whicli was intended to produce 6,000 tons of 50 per 
cent, nitric acid jier annum, and at Rhina, as formerly at Zschorne- 
witz, the j)ower sujiply may now b(^ about 30,000 k.w. From these 
figures it will be ck'ar how^ very unimportant the arc process is in 
Gi^rmany compared with other })rocesses, j^articularly as at present 
the Rhina plant is alom* working, and utilises 30,000 l^^v. 40,800 h^). 

Even wdren the yit'lds are very good, an arc ])lar^ •utilises about 
2*33 h.p. years per ton of 35 per cent, nitric acid, and therefore the 
total German production of arc nitric acid cannot be much more 
than 17,500 tons of 35 p('r cent, nitric acid per annum, corresponding 
to 6,125 tons of 100 pef cent, nitric acid, or 1,361 tons of nitrogen. 
A(^cording to C3ias. L. Parsons, the amount^ of power required per 
ton of nitrogen in the form of 06 ])cr cent, nitiic a^*id is^ 10-8 h.p. by 
th(‘ arc process, and only 2*3 li.p. by the calcium cyanamide process, 
or 0-3 h.f). by the Habty'-Bosch ]fr*ocess, incluciing tlu^^jiower required 
for oxidation. Thus the amount of power required for the arc process 
is so high that.this method can only compete in Germany under quite 
exceptional circumstances — for exanqile, wh6*re cheap water power is 
available. Moreovei^ *the primary product must be combined with 
some base before it can be marketed as a fertiliser, which is the only 



66 


< DEVELOPMENT IN OERMAflY 

possib|.e outlet in Germany at the present time on a large scale. 
Apart from the production of calcium nitrate or Norway saltpetre 
the only possibility is saturation with ammonia to form ammonium 
nitrate, or similar mix('d fertilisers, as the production of synthetic 
.‘^)dium nitrate from sodium earlionate is economically impossible. 
The adv'iintage of ammonia oxidation is all the greater, as the coke- 
oven industry and the Haber-Bosch process can supply large 
quantities of chea]i raw mat(TiaL Where large quantities of this 
latter product are available, as in Germany and the United States, 
the arc process is not. likely ever to attain large dimensions. In such 
countries the (piestion, which was still debatable in lbl2-18, as to 
which method f)f producing synthetic nitric acid is the cheapest, has 
b(Mm definitely decided in favour of the ammonia oxidation process. 
In (jountries which are less developed industrially, and where coal is 
scarce, but where w^ater power and other sources of cheap electric 
eiKTgy, such as natural gas, are available, the arc and nitro-lime 
processes are indic^ated. Parsons calculated that before the War the 
manufacturing cost ])er kilogram of fixed nitrogen was 7 1 -4 ])fg. by the 
arc ])rocess, about 40 pfg. by the Haber process, and about 51*25 pfg. 
}>y the nitro-lime j^^'oeess, basing these calculations on 420 marks 
])er Jiorse-power for the power jjant, and 42 marks j)er horse-pow^er 
year for the power. Though the actual jjroduction cost of dilute 
nitric acid by th(‘ arc process is low% this fact is more than balanced 
by the ditficultk's of concentration, of trans]>ort, or conversion into 
some suitable form for trans})ort, and linally by the large })ower 
re((uirements. ’ 

Among otJier methods of nitrogen llxation, tlie method of F. 
Hiiusser deserves particular attention (see mon^ particularly O. 
]>f)b1)t‘lstein, (iliickauf,” 1912, pj). 280-1100). Hausser obtains 
nitrogen oxidf s^by exjdosioTi of gaseous mixtures. The 2)r()cess was 
evolv(‘d at the Nurnberg Works of the Maschinenfalu’ik Augsburg- 
NiirnlHM’g, and was them transferred|* with the c-o-operation of de 
Wendel & C\)., Hayingen, from the Heiitsehe Stickstoff G.m.b.H., of 
Dortmund, to the Stickst{)tlwerke A.(k, licTringen, near Hamm. 
These co]n])anies were und(‘r (iovernment control during the War. 
Th(^y showed a deficit of ,‘196,157 marks at the end of March, 1917, 
and in 1918 obtained ])ermission to reduce their share caxhtal from 
1,000.000 marks to !j00,000 marl^s, and vgain to increJise their 
cajatal by 1100,000 jnarks, or to li([uidate the company. As nothing 
furth(‘r has ])een heaj'd with regard to the rt'sults, it may be con- 
cluded that tlu^ j)rocess*has not yet achieved commercial success. It 
rt'inaiTis, howa‘ver, historically interesting, as Th(^ only one of this 
group which has received industrial attention. 
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A similar fate awaited the Serpek process, which produces 
aluminium nitride from aluminium oxide, coal and atmospheric 
nitrogen. The first Serpek plant was erected in 1909 by the Inter- 
nationale Nitridgesellsohaff Zurich, at Niedermorschweiler, near 
Miilhausen (Alsace). This firm was later absorbed by the Societe 
Generale des Nitrures, of Paris, which combined with the.B.A.S.fr., 
which was working on the same lines at that time, in order to avoid 
litigation by pooling all patent rights. The German interests in this 
interesting i)rocess Avere thus annulled. The experiments, which 
were mainly concerned with th(^ construction of a suitable furnace, 
do not appear as yet to have come to a satisfactory conclusion. 

Although the ammonia obtained by the dry distillation of coal 
cannot ])e described as synthetic ammonia, we will devote a few 
remarks to this j)rocoss in consequence of its great economic import- 
ance, and as the ammonia obtained in this manner serves as a raw 
material for tlic oxidation processes. 

The only original sour(‘es of ammonia were bones and urine. 
These relatively ])rimitive methods of manufacture were superseded 
more than sixty years ago by the produ(*tion of ammonia as a by- 
product in the distillation of coal. (\)al contains on the average 
1-9 to 1*() per cent, of nitrogen, according to the origin of the coal. 
Karl Th. Volkmann ^ gives the following nitrogen jiercentages for 
coals of various origin .- 



JVr (‘ont. N. 

Westphalia 

1-50 

England .... 

1-45 

Silesia . . . • . 

1-37 

Bohemia 

1-30 

Saxony .... 

1-20 

Saar .... 

100 

Lignite* .... 

0-52 

When coal is distilled in yoke ovens 

or gas retorts, one -fifth to 

one-eighth of the nitrogen 4s recovered 

in the form of ammonia ; 

the remainder either remains in the coke (from wdiich it may be 
partially recovered b}^ treatment with steam), distils in the form of 

j)russie acid or orgatiie eom 2 )Ounds, or 

is Jost in the form of free 


nitrogen, if the temperature is high enough ty cause appreciable 
dissociation of the ammonia wliich is produc(‘d. The age of the coal 
and the method of hcMxting ha\^^ a consideraiile influence on the yield 
of ammonia. The preseiu^e of lime and more particularly of steam 
are favourable. The main portion of the ammonia is evolved between 
500 and 700 " C., an^d is very slight below 350 " to 450° C. Bcrtels- 

^ *“■ Cliemische Teclmologie clcs Leuelitgaaes,” Leipzig, 1915, pp. 49 ef seg. 

6—3 
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mann ^ refers to experiments by Mayer and Altmayer,^ according to 
which the highest yield of ammonia was obtained from Saar coal 
containing 1*13 per cent, of nitrogen at 800° A large proportion 
of the ammonia which is evolved is decoihposed when the temperature 
is raised further. It is ojily th(‘ slow rate of decomposition of ammonia 
gas and tlie ])rotectiv(^ action of the other gases and vapours which 
are simultaneously evolved which i^revent its complete decom- 
position. Volkmann ^ states that very few gas works in Germany 
obtain more than 10 kg. of ammonium sulphate per ton of coal, and 
the yield is usually lower. On the other hand, coke ovens obtain as 
much as 15 kg. (jf sulj)hate ])er ton ; tlie average' yield of all the coke 
ovens in the Ruhr district is 12-5 kg. 2 )er ton. 'I’hc following yields 
arc obtained per ton of coal : — 

Kj?. of Ammo- 
nium Sulphate. 

West 2 )halian gas coal, av(*rage of 6 gasilication tests . 10*4 

West 2 )halian c'annel coal, average of 3 gasification tests 7-7 
' Westphalian coking coal, average of 0 gasification tests 11-0 
l' 2 )per Sik'sian gas and coking coal, average of 0 gasi- 
lication tests ....... 13-5 

Jjower Silesian gas coal, average of 2 gasilication tests . 7*7 

Lower Silesian eoking eoal, average of 3 gasification tests 8*4 
Saar gas and coking coal, average of 6 gasification tests 8*2 
English gas coal, average of 3 gasilication tests . . 13*4 

According to the communications of H. Ko 2 > 2 '>t‘rs, Essen, in the 
most u]i-to-dato AnuTican coke ovens, the S(‘abord By-Product 
Cnnijiany, of N(‘\v Jersey, and the Carnegie Steel Ck)m 2 )any, at 
Clairton, obtain an ave^rage* of f2-5 kg. of sulfihate 2 >t^r ton of coal 
which is coked. 

Two methods are recognised of obtaining ammonia from the 
gaj^es from tlu' ^^stillation of coal — namely the so-called washing 
2 )rocess, and direct absoiptioii 2 >r()cess. Modern coke ovens 
seldom use the old washing 2 >ro(?ess, ^which is in general use in gas 
works. This de])(*iids, as its nanu' im 2 )hes, on w^asluTig th(^ ammonia 
(mt of tlu' gases with water and then Jiberating it from the gas 
lic 2 uor by st('am distillation in 2 »resence of lime. In gas works with 
effective cooling the gijs water contains 30 to 50 gm. of NHg per 
litre, but wIkuo tl^' cf)oling is less efficient, as in coke ovens, only 
8 to 15 gm. of NH .3 ])er litre' is f)blained. TIu' ammonia m these 
li( 2 Uors is preseiit both as volatile conipo\inds-*-such as the carbonate 
and sul 2 )hide — and as fixed salts, more 2 >articularly the chloride. 
The din'ct nu'tJiod of ammonia recovery de 2 )ends on the 2 ^assage of 

^ IJllmaiiii, “ Ejicyi!lopa3dm,” i. (1014), pp. 300 et seq* • 

- Journ. f. Gdsbelf 50, 49 (1907), , 

“ Chemiachc Teclinologie des Lcuchtgases,” Leipzig, 1915, pp. 49 el seq. 
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the crude gas containing ammonia through a bath of sulphuric acid, 
by which means ammonium sulphate is obtained directly, with con- 
siderable saving of steam. was soon found tliat an absolutely direct 
process was not suitable if only for the reason that it was very 
difficult to separate the tar in a hot condition. The most iinporta»it 
of the coking firms, such as Heinr. Koppers, of Essen, and Dr. C. 
"Otto & Co., of Dahlliaiisen, have therefore studied these i)rocesses 
for more than fifty years, and have developed a semi-direct process 
which was introduced iiito many coke ovens about 1909. By this 
method the gas, whi(‘h is actuated by fans, is cooled to 30° C. in 
order to separate the tar ; in this way the tar, naphthalene', water 
are separated, and all the fixed ammonia and a certain amount of the 
free volatile ammonia are obtained in the form of an acpieous solution. 
The gases which pass the coolers are pre-li(‘ated to 00° C., and then 
passed into the saturators, wliere ammonium sulphate is formed ; 
they are now practically free from ammojiia and pass through an« 
acid separator directly into the gas holders or to the place where they 
are used. The condensed aqueous li(piors have to be distilled with 
the addition of slaked lime in the usual (‘olunms. The ammonia 
which is thus lil)erated is returned to the gas stream, and i)as8es with 
this into the saturator. Tliis semi-direct metJiod has been devei 
more particularly by 11. Ko])i)ers. It does not atteinpt to remove 
all the ammonia from tlu' coke-oven gases in one operation, but, on 
the other hand, it avoids contamination of the ammonium sulpliate 
by tar, ami also 2 )revents naphthalene, wliicl) is very volatile, from 
being carried into the gas main, Vhere it may cause ])ermanent 
stoppages ; it also ensures the com2)lete separation of the tar. 
Whereas this 2 )ro(;ess was at one tJinc used exclusively by the coke 
ovens, it is now also used by various gas woiks, l)ci^g introdnced*at 
Buda-j)est in 1913, and at Kdiiigsberg in 1916, as it*has now beeji 
shown that the illuminating gjj,s is in no way dejU'eciatod by the 
sulphuric acid. According t()*a communk^atiofi of H. Kojqx'rs,^ the 
American Seabord By-Products C'om])any find that the ammonia 
liquor drawn from tlu^ foolers, contains an average of 7 gnn of NH.j 
per litre, half of which is fixed and half v^qlatih'. When working 
continuously, the saturators contain 5 per c^nt^ of fveo sulphuric 
acid. The gas in front of the saturators contains 8 gm. of NHg per 
cu. m., and behind thorn 16 gniT NHg i)er lUO cii. m. The saving 
of steam, which is the main item of cost, is very much greater by 
modern methods than by the washing process, but can be improved 
to a considerable further extent by i)re-warming the ainmoniacal 


1 Milteilungshcfte, 1919, No. 9, and 1920, Nos. 1 and 6. 
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liquor before distillation and by working the distilling columns with 
waste steam. H. Koppcrs gives the following data : — 

Summary of Steam used for the Distillation of Ammonia Liquor 
per ton of Ammonium Sulphate jnoduced 

(a) Coke Oven Planf suT^d in 'iWs. 


Washing process . 

(1) 

(2) 

Without pre-heating of the 
ammonia liquor 

With ])re-heating of the 

G 300 



ammonia liquor . 

401 5 

Kojqiers j)rocess 

(1) 

Without pre-heating of tlu* 




ammonia liquor . 

2-8G0 


(2) 

With ]jre-heating of the 




ammonia liquor 

1-820 

Ko])pcrs process, distil- 

(1) 

Without })re-heating of the 


ling column heated by 
waste steam. 


ammonia liquor 

0-225 

(/>) Gas Works • — 
Washing i)rocess . 

(J) 

Without j)re-heating of the 




ammonia liquor 

4-320 


(2) 

With pre-heating of the 




ammonia licjuor 

3-170 

Koppers proec'ss . 

(1) 

Without |)r('-heating of the 




ammonia liqu(jr 

1-510 


(2) 

With 2)re-heatijig of the 


Ko})pers jn'oeess, distil- 
ling column healed by 


ammonia liquor . 
Without ])re-lieating of the 

0-980 


..ammonia liquor . 

0-225 

waste steam. 



According to the (h‘rman 

maximum [)riee of March 

1st, 1920, 


lot) kg. of aiiiin^».niuni sulphate cost about 250 marks. For a rough 
calculation one may assume that for the production of this amount 
of the sul])hate 100 kg. of acid of 0^)*^ Be., and 25 kg. of ammonia 
(NH3) are necessary. Now, the 2)osit'ion of the German sulphuric 
aciid industry is very bad in consequence of lack of raw material. 
Sulphuric acid is so scarce that the coking nidustry is not able to 
maintain th(^ outjnit wjliich is ecfuiomically desirable. According to 
the schedule of pi^^^nium jmccs for March 5th, 1020, German 
domestic sulj)huri(‘ acid of GO"" Be. cost GO marks 2)er 100 kg. Accord- 
ing to the above summary by Koppers, for the production of 100 kg. 
of sulphate from coke-oven gas about 200 kg. of steam are required, 
which, at 30 marks ton of steam, amounts to 8 marks. According 
to a pre-war calculation, which we have already given, the cost of 
conversion of ammonia into ammonium sulphate was about B9 pfg. 
per kilogram of sulphate, and may be assumed to be 29 marks per 



BY-PRODUCT SULPHATE 


71 


100 kg. in 1920. According to these data, wc find that the coke 
ovens can work at a profit at the present maximnm price arfd with 
domestic sulphuric acid ; it would not be possible for them to work 
at a profit with foreign sulphuric acid ])roduced from })yrites, of 
which the average cost is 250 marks per 100 kg. 

On the other hand, the price of ammonium sulphate was fixed at 
such a figure that under favourable circumstances- namely, very low 
transport charges for suljdniric acid, low overhead cliarg(^s and cheap 
steam — plants producing cheap synth(‘tie ammonia could still compete. 
We have already estimated the ])rodu(d/ion cost [)(‘r kilogram of 
Haber ammonia in 1918-14 to have been a]H)ut 32*5 pfg. If for 
1920 we multi})ly the price fiftecui-fold — that is, if we (‘stimate it at 
4*88 marks per kilogram of ammonia — a profit could still be secured 
with such ammonia at the ])roduc-ing locality. The situation becomes 
less favourable if the Haber ammonia has to be transj)orted in the 
form of concentrated ammoniaeal liquor, and rendered more' ex])en- 
sive l)y tlu' markidJng and trans]H)rt charges. The margin between 
production costs and sah' ])rice would then become so small that such 
aniJiionium sul|)hat(^ could only comj)ete under (‘xccptionally 
favourable circumstances. For th(‘ production of 100 kg. of am- 
monium sul])hat(‘ th(‘r(' are reejuired about 100 litres r)f (‘onoentrated 
ammonia liquor contaiiiing 25 gm. of NH^ per 100 c.c., or 131*61 
litres containing 19 gm. of NH3 |)er 100 c.c. 

Li England th(‘ maximum price for ammonium sulj)hate ])er ton 
carriage paid from June to July, 1920, was about £23 lOs., that is, 
48 marks per 100 kg. at the ])re-wMr value of the fh'rman inaVk, or 
364*25 marks at the rate of exchange of June 30th, 1920 (£l 155 

marks). On the New' York Exchange, ammonium sulj)hate w^as 
sold at the end of June, 1920, at $5 j)er 100 lbs., i.c , 100 kg. for 
42 pre-w^ar marks, or 380 marks at the present ratL*^.^! — - 38mai\s). 
The French ])riee for 100 kg. of ammonium suljdiatc^ at Paris was 
175 fr., that is, 141*75 pre-wifl* marks, or 546*88 marks at the jiresent 
rate (1 fr. 3*125 marks). In Swed(ui 100kg. of ammonium sul|)hate 
was sold at 95 kr., or 106*40 pre-w ar marks. At tht^ im'sent exchange 
(1 kr. 8*51 marks), this is 808*45 marks. Compared with these 
prices, the (Terman maximum official price fT)r 1920 of 250 marks was 
very low. * • 

Th^. position of the ammonijiim sulphate industry in Cermany w^as 
so bad during the War that fears w^ere entertained for its future. 
As the above considerations show% the conditions have meainvhile 
improved on account of a revised fixation 'of maximum prices. The 
difficulty of irregukit deliveries of sulphuric acid remains, however, 
and rerfders manufacture very difficult. In conjunction with a coke- 
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oven by-product plant, the absorption of ammonia by sulphuric 
acid has the advantage of simplieity. 8o long as this is so, all en- 
deavours to replace ammonium sulpliate ])y other fertilisers will 
fail. The objections raised to the use* of ammonium sulphate are 
that the useless sulphuric acid ballast, which it contains, is too high 
afid that, moreover, this sulphuric acid tends to render tlie soil acid, 
and therefore injurious to plant life, by combining with lime. The 
present conditions, however, apj)ear to render it desirable that most 
coke ovens and gas works sliould retain well-(\stablished methods 
and plant for the time being. Although, therefore, present conditions 
favour the further use of ammonium sulphate, which has proved 
eminently suitable in s})ite of all objections, the dev('lo])nient of all 
methods of utilising the sul])lnir contents of tlie distillatioTi gases for 
the purpose of fixing the nitrogen is most desirable, in view of present 
economic conditions in Germany. The magnitude of the sulphur 
contents of the Germaji (H)al output has aln^ady betai realised, but 
unfortunately no definite success has yet been attained in the 
direction of its utilisation. In 1913 A. Hander calculated that the 
sulphur of the coal which is used iji coke oven and gas works alone 
corresponds to 510, 000 tons of sul])huric acid of 00'' Be., a quantity 
of very considerable economic importance, as the total (Jerman 
production of sulphuric acid in 1912 was 1,050,000 tons of 100 
per cent. HgSO^. The Burkheiser ])ro(*ess (German pats. 212,209, 
215,907, 217,315, 223,713) consists in ])assing liie crude gas, freed 
from tar, over bog iron ore at 400"" G. ; this n^sulls in the combustion 
of the hydrogen sulj)hidc to HO^.or HOg. Bertelsmann ^ states that 
the j)rocc‘ss has been tried at the gas works in Hamburg and Berlin- 
Tegel, and also at the Flemelle Grande coke ovens, near Liege, but 
has never been jxTinanently introduced anywliere. In the process 
of W. Feld, 2 ►%oKtions of the sulphate and tliiocyanate ar(i used 
for fixing NHg + H.H^ (see also German pats. 202,349, 237,007, 
271,105 ; English pat. 3,001/1909 Belgian pat. 184,598 ; U.S. 
pat. 1,011,043). 4410 trials of the process which were made at the 

gas works in Hamburg and Konigsberg were, hi general favourable ; 
the inten<^ion to use tlie process on a largo scale has, however, 
been abandoned. The 'coking plant of the Gutehoilnungshiitte at 
Sterkrade in V^est|)halia has im'.anwhile installed the Feld process, 
but nothing has been heard of the rciUilts during the last fe\f years. 
The linn of FoetU'r tried a jirocess at the Viktor Colliery at Rauxel, 
according to which coke-oven gas is washed with milk of lime in order 

^ UJlmann, “ Encyclopasdia,” i. (1914), p. 413. • 

2 Z( its(h. f. angno ChntL, 1912, p. 705. • , 

® See also Chrw. Ztq.^ 19 J 7, p. 657 ; Luncfe-Kohler, “ Steinkolilentocr und Ammoniak,” 
Brunswick, 1912, pp. 165-170 ; Cham. Ztg., 1914, p. 747. 
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to remove hydrogen sulphide. Similar attempts have been made by 
the Lothringcn Colliery, one, for instance, in which the calcium 
sulphide liquor, which is obtained on distilling the amnioniacal 
liquor from the coke ovens with milk of lime, is decomposed l)y carbon 
dioxide, and the hydrogen sulx)hide wliich is liberated is burnt in^a 
Claus furnace. The Leuna Works of the B.A.S.F. obtain finely 
divided sulphur by means of a contact process when fretting the 
pro(hiccr gas for the Haber synthesis from HgS, 

During the War coke-oven by-product ammonia was the first, 
and for a long time the most important, raw material for the pro- 
duction of nitric acid by combustion. The plant at the Lothringen 
Colliery, near (xcrthe, was more particularly arranged for the treat- 
ment of such amnioniacal liquor. At the end of 1917 forty tank 
waggons of conc^entrated amnioniacal liquor containing 10 to 18 per 
cent. NH3, i.e., about 000 cii. m. of liquor, could be dealt with daily. 
The collieries were officially ordered to concentrate the dilute am- 
moniacal liquor obtained from the washers. Even those plants 
which worked th(‘ direct process were ordered by the German 
Ministry of Munitions to hand over at least a portion of their pro- 
duction in the form of concentrated amnioniacal liquor. These 
circumstances, combined with the critical situation of the Cc fan 
sulphuric acid supjfiies, caus(»d a serious (h^^rease in the German 
supply of ammonium sulpiiate. On the other liand, the production 
of dilute and coiu'cntrated amnioniacal liquor produced in the plants 
of the firms already mentioned, Berlin -Anhaltischen Maschinenl)au 
A.G., Jul. Bintsch A.G. of Berlin, Gnii Still of liecklinghausen, and 
others increased. 

The question which is so often put as to the relative costs of 
production of by-produ(^t and synthetic ammonia, cannot be directly 
answered. In the production of syjithetic ammoniaf, the costs of 
raw materials, vaiges, amortisation, etc., arc fixed, whereas in coke 
oven or gas works the ammgtiia is actually a by- 2 )roduct, so that 
such calculations are impossible. For this reason, in the com- 
parative table of jiroduvtion costs which we have already given, the 
jiroduction cost of synthetic ammonium snljdiate only is gTven. It 
is, of course, quite j)o.ssible to give costs for the.wagcs, .suljhuric acid, 
etc., involved in the conversion into .sulphate, but no Ifasis is j)ossible 
for the ftost of the ammonia it.self This has, therefore, been taken 
as nil. It is clear that such estimates of ju'oduction-cost do not give 
a clear picture of the situation. 

The work which has been carried out in connection with the 
application of the gypsum process of the B.A.S.F. to concentrated 
amnioniacal liquor is of equal importance to the experiments of 
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Feld, Burkheiser and others. Obviously it would hardly be possible 
to apply the new jjrocess to each individual coke oven or gas works. 
Some sort of ci'iitral organisation would be desirable for that purpose.^ 
The attempts by H. Precht and others to utilise magnesium sulj)hate 
solutions, waste caustic* j)otash liquors, and similar compounds, for 
the fixation of coke-oven ammonia, have not so far led to any 
industrial ])rocess (sc‘e GcTinan ])ats. 292,174, 292,209, 292,218, 
294,857, 295,509), 2 although they are certainly promising. During 
the War sulphuric aeJd was replaced on a very large scale by sodium 
bisul[)hat(^, whic4i was then available in large c|uantitu^s as a by- 
product of the (‘X])]osivc industry. Tlie corrosion of the lead lining 
of the saturators by accom])anying nitrous gas(‘s was avoided by 
])re-heating the bisulphate solutions and diluting thcun with sulphuric 
acid. Accoj-ding to the composition of tin* l)ath, either almost pure 
ammonium sulphate' or the double salt Na(NH 4 )S ()4 is obtainc'd. 

TheDc'utsche AmmoniakvcTkaufsverc'igung G.m.b.H., of Bochum, 
with a ca])ital in 1915 of 456,500 marks, includes eighty members, 
among whom are such combinations as the Wirts(*haftli(*he Vereini- 
gung Deutschc'r GaswcTki* A.G. in (^ologne. The' production of 
certain im]jortan( collic^rie's was already known, and the result of the 
neg()tiatio]is between tlu'se produ(*ers and the B.A.S.F. has already 
bec'ii describ(Hl. Before the War the sale of ammoriium sulphate 
from Wt'st])]ialia, \Nluch was gradcal as good grc'v (piality, dry 
quality, ground quality, etc., was undertakt'ii by the' combination 
just mentioned, whilst sak's from East GiTinany and Austro- 
Hungary were' conducted by the Oberschlesischen Kokswerke und 
(yluMu. Fa])rikc'n A.G., in Berlin, which was in friendly relations with 
the Bochum (V)mbinatioii. The total deliveries of ammonium 


suAjdiate in 1915 and 1914 w(*re as follows : 

• ^ J913. 1914. 

Tons. Tons. 

(1) By the constituent firms yf the 

‘Ammoniak-V.-V. . . » . 524,280 406,476 

(2) By tlu' XT])p(T Sik'sian coke ovc'us . 2,508 1,797 

(5) By tfie B.A.S.F., ()|)pau . • . ■* — 1,450 

(4) Vy the Comptoir Bc'lge du Sulfate 

d'AmmoniaciF.e, Jhaissc'ls . 8,145 4,144 

(5) By Evpiu c^ (\j^p])ee, Brusseds . . 299 — 


Totals . .555,252 41^,857 

The sales of ammoniacal liquor were 2,620 tonji in 1915 and 
895 tons in 1914. Shortly after the outbreak of war the demand 


^ Zftlsch f. a run IV. (luvh., ii., SOT. 

Ch(7ii. Ziy., iyiT, p. 421. 
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for amnionium sulphate was so lively that the supply was inadequate. 
Maximum i)rices were fixed in order to prevent profiteering by 
intermediaries. On account of the prohil)ition of exports at the end 
of September, 1917, foreign delivery contracts, such as those with 
America, had to be cancelled. Tn 1915 tlu*. demand w as very larg^^, 
and 364,077 tons of sul[)hate (25 per cent. NH.^) w^ere sold, against 
406,476 tons in 1914. Very little of the salt was supplied to agri- 
culture, as most had to be delivered to tlie works, where it was 
treateci wuth milk of lime in order to ju-oduce ammonia for nitric 
acid manufacture. The j)ossilulity of suj)plying the market for 
agricultural fertilisers improved as the production of synthetic am- 
monia became effective. JVleanwdiile, the i)rod action of concentrated 
ammoniacal liquor l)ecaine of increasing importance. Tlie ])rice was 
at that time quite unsatisfac^tory. The ]m)dii(‘tion gradually in- 
creased. In 191 S about half the production was disposed of as 
concentrfitQd ammoniacal liquor and the (dher half as ammonium 
sulphate. The production was maintained at a coTistanl level until 
November, 1918, In October, 1918, it w'as 31,000 to 32,000 tons 
(calculated as 25 [)er cent . quality), but has seriously declined since 
that time. TIk^ avcTage productioji in 1918 w^as about 18,000 tons 
j)er month, and in April, 1919, it was only 7,000 t«;ns The i^v ■ »se 
in the cost of labour and of raw^ materials, and the increasing diffi- 
culties of transport, and in obtaining the necessary acad, made the 
position so difficult that not only was tlu‘ erection of lu^w ])lant quite 
impossible, but even the ijuprovement .ind maintenance of existing 
plant was extremely difficult. The Commercial pric('s ])er 100 kg. of 
loose salt of 25 [)er cent, quality were 37'06 marks from January Ist 
to March 15th, 1919 ; 53-53 marks from March 16th to June 30th ; 
80*30 marks from July ist to Se])t(‘nd)(T 30th. and 111-18 mai'ks 
from (October 1st to December 31st. In 1920—21 the'jn’ice was about 
530 marks. The hu‘k of coal was extremely serious. The sale of the 
product, which had so far W'en etfecbal by th(^ individual works, 
stopped in August, 1919, and was transferred to th(‘ Stickstoff- 
Syndikat D.m.b.D. in»Derlin. Avhich had m(‘anwdiile beam founded. 
All deliveries from works wliich did not bedong to the Syndicate 
wore effeC'ted by tlu* Deutsche Ammoinak-V^Tkaufsvereinigung in 
Bochum, from works lying Avest of th(‘ Elbe, excej)ting gas wT>rks, 
which Supplied through the XVirlschaftliclu; Vereinigung Deutscher 
Gaswerke (Berlin brancli). Aft(T long negotiations, a coke-oven 
by-product ^rust was formed in XT])])er Silesia at the commence- 
ment of 1920, which controlled an out])ut caj)acity of 20,000 to 
30,000 tons of anmTonium sulphate. The share of Upper Silesia in 
the by-product manufacture of Germany is very considerable. In 
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1913 15 per cent, of the production of tar, 9 per cent, of the pro- 
duction of ammonium sulphate, and 18 per cent, of the production 
of l)enzole came from the Upper Silesian works. 

Fortunately coking without the recovery of by-products has 
(\ocreased greatly in Germany. According to Ost (“ Lehrbuch d. 
('hem. Technologie,” 10th edition, Leipzig, 1919, p. 356), in the 
Ruhr district (Oberbergamtsbezirk Dortmund) there were, in 1900, 99 
works, comprising 9,948 ovens, of which only about 30 per cent, were 
distillation ovens with by-j)roduct recovery— -namely, 1,182 according 
to the system of Ho tf maim -Otto, 1,046 bottom-fired ovens, 346 
Brunck ovens, and 390 of other makes : total, 2,964. In 1912 there 
were in the German Empire 178 coke works containing 20,738 
working ovens, of which onl}^ 3,281 — that is, 16 2 >ercent. — did not 
recover by-products, as comiiared with 22 ])er cent, in 1909. The 
total jiroduction at that time was 31*3 million tons of coke, of the 
value of 506,000,000 marks (at 16*2 marks per ton), and 407,000 tons 
of ammonium sul])hate, of the value of 99-3 million marks (at 244 
marks per ton).^ 

The 1,700 German gas works produced in 1913 2,700 cu. m. 
of lighting gas ; 4*8 million tons of coke, valued at 88,000,000 marks ; 
76,000 tons of ammonium sul})hate, valued at 10-2 niillion marks ; 
1,800 tons of cyanogen compounds, of the value of 1*3 million marks, 
and so forth. The annual German production of 549,000 tons of 
ammonium sul 2 )hate in 1913 was far greater than tliat of any other 
country. The world's production in 1913 was 1*41 million tons. 


Tlie rapid increase in 

the Germafi j)roductiou of 

ammonium sulphate 

is shown by the following figures for the annual production iu tons : — 

Tons. , Tons. 

1896 . 

75,000 

1907 . 

. 287,000 

1900 . ^ . 

120,000 

1908 . 

. 313,000 

1902 . 

135,000 

1909 . 

. 323,000 

1903 . 

140,000 

•1910 . 

. 373,000 

1904 . 

182,000 

1911 . 

. 418,000 

1905 . 

203,000 

1912 . 

. 492,000 

1906 . 

235,000 

1913 . • 

549,000 


The average pro])ortioni of the coke-oven industry in this output is 
85 j)er cent. The* pro^uctioji figures of the Ammoniak-V.-V"., which 


^ (German coal production : 

11)19 . ,11(3-68 million tofis. t 

1920 . 131-.‘14 million tons (without the Saar and the ralatinate). 

German coke production : 

1919 . . 22-015 million tons. 

1920 . 25-177 million Ions (without the Saar and the Palatinate). 

German production of coal briquettes : , 

1919 . .4 million tons. • 

1920 . . 4-9(' million tons (without the Saar and the Palatinate). 

Compare MvlalWorse, 1921, p. 306. 
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have already been given, show that the German production of by- 
product ammonia during the War was maintained at an essentially 
satisfactory figure ; during the latter part of this period, half of it 
was in the form of concentrated ammoniacal liquor. On the other 
hand the production of ammonium sulphate from the nitrogen oi 
coal in 1919 was only about 250,000 tons (calculated as 25 per cent. 
NHg), and has thus declined considerably. 

In 1914 the German production of ammonium sulphate con- 


siderably exceeded the domestic 

consumption, 

for German agri- 

culture consumed : — 


Tonw. 

1909 . . . . 


275,000 

1910 . . . . 


350,000 

1911 . . . . 


370,000 

From 1900 onwards, exiiorts were larger than imports, which declined 
continuously. Great Britain exported 30,545 tons to Germany in 
1909, but only 2,740 tons in 1911. The figures for the German 

exports in 1912 and 1913 were : — 

1912. 

1913. 


il'oris. 

Tons. 

To Belgium . 

19,723 

15,774 

,, Denmark 

72 

455 

,, France . 

4,313 

7,428 

,, Italy 

3,810 

3,550 

,, Holland . 

19,121 

18,195 

., Switzerland 

1,447 

1,337 

Sj)ain 

855 

2,550 

,, CVylon 

. 43 

818 

,, Hawaii . 


2,541 

,, Java 

5,020 

10,023 

„ IJ.S.A. . 

902 

5,029 

,, Brazil 

905 

428 

Total 

50,877 

74,738 


Ko long as England controlled the ammonium sul])hate industry 
English prices were the^basis of the trade. Jn 1911, for example, 
the price was 27*50 marks per 100 kg. In the years immediately 
preceding the War, howevc^r, Germany had tts own prices. These 


prices per 100 kg. were : — ^ 

1900 

1907 

1908 . 

1909 . 

1910 . 


Marks. 

23*8:i 
23- 05 
23*92 
23*29 
23*32 


i*{See Bortelisinaiin, Ullmann’s Kiuytlopaidia,” i. (U)H), p. 413. 
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Marks. 

1911 


26-85 

1912 


28-35 

1913 

*' - 

28-06 

May 27th, 1915 


24-30 \ 

June 1st, 1918 


37-00' Mil 

I)ecemb(‘r 31st, 1919 

. about 

1 ir>-00 prior 

March 1st, 1920 

. about 

250- 00 j 

June 1st, 1921 

. about 

300-00 

()ctob(‘r lOtl), li)21 

about 

360-00 

December 5th, 1921 

. about 

530-00 

February 8th, 1921 

. about 

620-00 


The ])nec of 1 ka. of anunoiiia, in lh(‘ form of eojicent rated 
ammoiiiacal litjiior was 1\) pf^. in IhIO, SO-Gf) ])fg. in Ihll, 9()-25 2)fg. 
in 1912, and li2*l,‘l })fg. in 19Kk The manufacture of dilute and 
eoncen trail'd ammoniacal liipior only at {aim'd large diinensionis 
during the War. According to N. CaroA it amounted to 580 tons in 
1900, 1,180 tons in 1902, 1,()S0 tons in 1901, and 2.500 tons in 1906 ; 
2,620 tons wi'i'i* dis])Osed of in 1913, and 893 tons in 1914. According 
to the figures of the Ammoniak-V.-V., ho\\(*vcr, about 200,000 tons 
of NUg were ])roduc('d in the form of concentrated liquor in tlieir 
works alojic in 1918. 

It is impossible to dcscrilK' here all tlu' proci'sses in which am- 
monia is obtained as a by j)roduct. such as tlu' distillation of bones, 
molassc's. residues, and so forth. 1du‘ utilisation of inferior (‘oal, 
such as wash dumj)s, ('tc., by th(‘ Mond gas ])roc('ss was first carried 
out in England. Tiic (k'rman ^Mond (kis (\)mpany erected the first 
(German plant at the Mont-CVnis (Vdlic'ry. near Sodingen in West- 
phalia, According to (kro. this ])lant [)rodu(*es from I ton of coal 
40 kg. of ammonium siilj)hat(‘ (70 to 80 jxt ci'iit. yield of nitrogen), 
and 3,500 cie im. of gas of l.lOO to 1,200 (’.H.U.“ The exh'nsion of 
this ju'occss to j)cat is very ])romising. A. Frank ^ gives the following 
figures for the extent of tlu' (k'niiantpcat moors . - 


Frovince Hanover 

1 

Dn^disli Square 
Aides. 

. 2,180 

Jh'ovincc' J^unerania . 


. 1,200 

Province' Easl Ihaissia 


763 

IVoviPicc Rhineland 


. 37 1 

Havana .... 


. 327 

Oldenburg, . * . 


. 1,525 

Wiirt tern berg 


174 

The rc'st of (k'rmany . 


. 2,180 

• 


^ “ Die SticksloaVa^^rc' m l)outsc-]jlaii(i,” IViliii, hM)S. 

^ See DotcI. DjHcher, “ Krait^as, seine Herstellunf< nncf Ueurteilung,” Leipzig, 1911 ; 
F. Miililert, “ Die liuhislrie der Aminoniak-iiml ( Variverbindniigeii,'’ T,eipz'y:, 1915. 

^ C/u’7n. ZUj., 1908, p. 680. 
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These, 400 German square miles, or 2,250,000 luctarcs of moorland, 
contain, on an average, 4,000 tons of peat per hectare, assuming a 
thickness of 3 m. — that is, a ^otal of 0,000,000,000 tons of dry peat. 
The Oberbayrischen Kokswerke und Fabriken C^hcunischer Produkte 
A.G. in Beuerberg (Isartal Railway) use tlie Ziegler ])rocess gf 
treating compressed peat. The Wielaiid process, wliich 1}+ similar, 
produces peat coke ; from 100 kg. of peat, containing 25 ])er cc'iit. of 
water, 33 kg. of good peat coke, 4 kg. of tar, 0 0 kg. of ammonium 
sulphate, 0*5 kg. of calcium acetate, and 0*3 kg. of wood spirit 
are obtained. The experiments of N. (Wo, and A. Frank, and 
Ludwig Mond,i are of still greater interest (sec (Tcrman ])at. 238,829). 
These were carried out with ordinary jx^at containing 50 to 00 per 
cent, of water. Altliough the r(‘sults obtained at Stockton and 
Winnington showed the practicability of the method, the figures 
obtained at the ex[)erimental plant at the Mont-Onis (blliery at 
Sodingen iji Westphalia were still more favourabk'. At tliis plant, 
45 tons of {)(iat, containing 42 to 47 per cent, water, from the Nord- 
georgfelm-Marcard-Moor ( -anal, were gasified in 24 hours ; i)er ton 
of dried peat, 2,800 cu. m. of gas were obtained of calorific value 
1,400 cals. j)er cu. m., and of the following composition : — 

17-4 to 18-8 i)er cent. (^Gg 
9-4 to 11*0 per cent. CO 
22*4 to 25-0 ])er cent. 

2-4 to 3-0 per cent. (Tlj 
42*0 to 4()*() per^c(uit. N.^ 

Traces of oxygen ; jio tar fog. 

Th(' 2 X)wer obtaiiK'd in a gas (‘iigine was found to b(‘ 1,090 b.h.ji. 
hours })er ton of dry f)eat. Hie material used (‘ontaiiu'd, when dry, 
T05 j)er cent. and 3 jier c(*nt. of ash. In tlu'se ('xix^riments 40 kg. 
of ammonium sul])hat(' were obtained j)cr ton of dry jx^at (re])re- 
senting a nitrogi'n yield of 77 80 per cent.) conqiannl with 10 to 

12 kg. per ton of coal. In Stockton, with jx'at. containing 2*8 ])er 
cent. N (when dry), 1 K^kg. of ammonium suljihate were olitained, 
rejwsenting an 83 ]x*r cent, ykdd. Tf a power station of 1,4)00 h.j). 
were driven with jxiwei gas from jx‘at, then* at- jire-war prices and 
assuming a liberal wages bill, 15 jxt cent. interest*an(Uamortisati()n, 
the costqirice ])er horse-jX)wer >^0* would amount to 40 to 50 marks, 
which is as low as is possible with water ])ovTer. Sucli a 1,000 li.p. 
power plant wamld utilise 16,000 tons of raw ]X‘at, or 8,000 tons of 
dry jx^at per annum, and would therefore reclaim 2 luxdares of moor- 
land if this wen' 3 w?. thick. Tlu' ]x)wer and nitrogcui obtainable 

Ch-tn. Zig., IDOS, p. 580; 0)10, p. 1015 1011, pp. 505, 515. 
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from the German moors is thus extraordinarily large, as with certain 
qualities which contain a higher nitrogen content of 1-5 to 2 per cent, 
the conditions are still more favourable. In spite of the very pro- 
mising results of these experiments, the gasification of peat, which 
is of prime importance to the nitrogen industry, as a source both of 
ammonia and of pow^r, has nowhere been introduced on a con- 
tinuous large scale, as its economic value has not yet been definitely 
established. At the suggestion of N. Caro and A. Frank, the Mond 
Gas Company built a 4,0()0-h.p. jjant in 1910 at the Schweger Moor, 
near Gsnabriick. This plant was closed during the War, but has })een 
rcopen(‘d ; at present, liowever, it does not ])roduc(' ammonium 
sulphate. The largest [)eat powTr stations — for example, the one at 
Wiesmoor, near Auri eh— -usually burn air-dried j)eat directly under 
steam boilers, for whicdi pur})ose 50 hectares of moorland have to be 
used per 10,000-h.p. years. Gebr. Kdrting gasify peat by the Ost 
process in gas ])roducers, and use it to drive suction gas motors. It 
may be mentioned here that at Carnlough, in Irtdand, a })lant w^as 
wT)rked by the Woltereck jmx^ess,^ and produced in 1909 about 

5.000 tons of ammonium sulphate, being 5 tons of sulphate per 
100 tons of dry p(*at. The Ekenlx'rg j)roc('ss was w'orlved by Wet 
Carbonizing, Ltd., of London, which Avas founded in 1912, but the 
works had to be closed down on acc^ount of the steadily increasing 
deficit. It is impossible to consider here the gasilk^atioTi of Seeschlick 
or Mndde (a muddy deposit found in estuari(‘s), wdiich was investi- 
gated by Deutsche Ammon iakwerke, Ludwigshof. 

The distillation of oil shak^, w^iich yielded 57,000 tons of am- 
monium sulphate in Scotland in 1909, has latterly Ik^couk^ of 
increasing imj)ortance in Geimany. Before the War oil shak‘ was 
worked by the Messel Lit, Jiear Darmstadt, on a very small scale only ; 
this shale coinains 40 to 45 per cent, of waten*, and yielded (i to 10 per 
cent, of tar (cruder oil), and 40 to 45 jkt cent, of residue. From 

1.000 kg. of this shale they obtain (35 litres of crude oil, 295 litres 
of amnioniacal liquor, and 59 cu. in. of gas. The shale dep()sits of 
Wurttemberg are very considerable'., but their ex[)loitation was only 
recommenced during the war period, wlu'ii raw materials were scarce. 
The deposits an* beljeved to contain 10,000,000,000 tons of shale. 
Bituminous shah* lias also been found in the south of the Province 
Hanover and in the Franconian Ji;ra^ (dura-Olschieferwei^K, Stutt- 
gart). 

A considerable source of ammonia is })resented by urine, the urea 
of which soon changes to ammonium carbonate. According to 

1 rh^m. Zli/., 1900, p. 277. 

Ihmchau, 1920, p. 408. 
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Ost, 100,000 persons annually produce 600 ions of NH-j, but, 
according to F. Fischer,^ they only produce 432-1 tons of NH3 in 
the urine and 50-4 tons in th(j faeces — that is, together, 482-5 tons of 
NH3. The treatment of dilute f^ewage effluents is uneconomic, and 
they are usually utilised on sewage farms. 13,000 tons of anv 
monium sul2}hate were, however, produced from sewage in France 
in 1905, of which 10,000 tons were from Paris. The French i)ro- 
duction was 12,000 tons in 1913, but only 5,500 tons in 1917. Jn 
Kiel they have an earth (doset system, in conjunction with which they 
2)roduce briquettes from the faeces. In 1913 they obtained from 
14,170 cu. m. of faeces 1,640 tons of briquettes containing 6-2 2>er 
cent. N, 2-6 2>er cent. P2O5, and 2-7 per cent. KgO. In Cologne, a 
comf)any named Pudrette-T) Linger G.m.b.H. was formed in 1917 
for similar 2^nr2)oses. The utilisation of farmyard manure is more 
inqiortant than that of human beings. The un^a in the former very 
ra2)idly changes to volatile ammonium carbonate, and, in c-onsequence 
of unsuitable methods <^)f storage as much as 50 i)vv cent, of the 
valuable nitrogen contents are usually lost. The work of Oerlach 
and others has convincingly shown the value of suitable methods of 
2ireservatio]i by the addition of 2)otasli salts, bisul2)hate, su2)er- 
2)hos2)hate, gypsum, formalin, peat litter, etc. 

The question of the j)roduction of nitrogen comj)ounds as a by- 
2)roduct of the distillation of coal is closely connected with coal 
2)roduction, wdth low' tem2)erature carbonisation, and wdth centralisa- 
tion of our 2><>w(*i' r(\s()urces. Thc*se 2>t‘t>klems cannot be closel}^ 
considered w ithin tlj(^ limits of this boftk, which is only concerned wdth 
the descri])tion (jf actual synthetic process(^s. The German figures 
for coal and lignite 2>roduction are as follows (in million tons, the 
lignite figures being given in brackets) : — » 


1913 . 

1914 . 

1915 . 

1916 . 


192 (87) I 1917 . 

162 (84) ! 1918 . 

147 {88 ),*; lOlt) . 

151) (1)4) I ]!)2() . 


107 (1)5) 

1(10-50 (l00-(i) 
110-50 (1)3-8) 

. ( 111 - 0 ) 


The figures for lignite 2)r(tduction are of s2)ecial interest to the nitrogen 
industry, as they illustrate to some extmit the industrialisation of 
the (Central German lignite lields. W. GluiuUan^ Pi K. Brener ^ 
have investigat(»d the fate of the nitrogen during low' tenq^erature 
carbonisation. 'Jdie Ini^titute foi^ tlie Investigation of Coal (Institut 
fiir Kohlenforschung) at Miilheim (Ruhr), has made a S2)ecial study 
of the 2^r^q>crties of ordinary coal, and in the same manner the 

Institution for the Investigation of Lignite (Braunkohlenforschungs- 

■ * 

• ^ “ Das W’^asser,” l..eipzic:, 1914. 

“ Chcm. Zfntralbl, 1919. iv., KMif). 

A.N^ 0 
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institut), at Freiberg-i.-Sa., has studied lignite ; in this connection 
it has investigated methods of rendering the nitrogen in lignite 
available. The literature on the connection between problems of 
heating, fuel and nitrogen is extraordinarily extensive, in accordance 
with its exceptional economic; importance. Not only is the utilisation 
of the enormous nitrogen contents of the Crerman coal output of 
great importance, but the serious circumstances of the times have 
drawn attention to the fact that the German coal reserves are not 
inexhaustil)le, and have made coal and lieat economy and the 
centralisation of power supply imperative. Moreover, these problems 
are closely interconnc'cted with the cpiestion of State revenue. 
According to calculations, 192,000,000 tons of coal, with 0*2 per cent, 
yield of nitrogen, should provide on distillation 384,000 tons of 
nitrogen, corresponding to al)Out 1*92 million tons of ammonium 
sulphate per annum. This calculation is very easy to mak(‘, but very 
difficult to translate into practice ; if, however, this could be done, 
it would com])letely change our economic and industrial life. It is 
found, however, that the ju'otdems of the sii])})ly of sulphuric acid, 
of the erection of the necessary ])lant, tii(' (-(uitralisation of the 
production of ])ower gas, the modifi(*ation of numerous individual 
coal-power installations, and, tinally, the utilisation of enormous 
quantities of coke -or, as an altxTuative, the so-called complete 
gasification of the C(jal — are so complicated that a solution can only 
be attempted step liy step, and this is being actiiiilly done The 
criticism that if the conqiletion of b 3 ^-i)roduct plants had been more 
cpiickl^" effected the synthetic jiroduction of nitrogenous manures 
would have ])een rendered unnecessary is entirely unjustified, 
l)articularly as it la(*ks the Avide view which is necessary in con- 
sick'ring this jiroblem, A series of valuable eonlributions to the 
solution of these ju’obk'ins have lieeii made by l\ W. Ldilmann, Ed. 
Donath, E. K. Eesemfelder, A. Naumann, N. (^aro, Fr. Schafer, 
Gwosdz, H. 11. Trenkler, W. A. Eyes, II. Strache, Brabbee, G. 
KlingeidKTg, E. Ilussig, and Lenqielius.^ 

Ammonia is not the onl}' product of tlu' tightJng-gas industry of 
interest nere, as spent oxide from the purificTs is a raw material for the 
manufacture of suljiluiric acid and the production of cyanogen com- 
pounds. The official maximum jirice for sul])hur in this material was 60 

1 Clum, laiT) pp. 713, 91S, l)2ri ; pp. 2Sn 4(>9, 701 ; 1017, pp. 93, 393, 605, 
62‘, 721, 737, 7H5. 799, SOO, 583 ; 19IS, pj». 2Sl. 320, 401, 489 ; 1919, pp 11 281, 455, 
521, 604, 86 ); L fn in.. Talm, ( lurs ^ 234; 1920, pp. 57, 197 ; Ostorr, ( m. Z/f/., 1918, 
p. 151 ; Z(ils(h. d. IV/'. D idsih. 1919, p. 133; Z f. Chem., 1919,1., 

210 ; 1920, 1,9; Tecliiiik ], d. Landwirtscliatt,” 1919, p. 233 : Chroi. Zcntralbl.^ 1919, 
11., 25, 26; IV., 547, 632; I’uiSiktu, 1920. pp. 42, 81, 126; “Die Rationelle Auunut- 
zunp (ier Kohle. Tec'lm. (Jutaehton zur \\Tg»a.sung uiid Nebonprodukto\igewiiinung. 
llerausgogebcn vom Keichsscliatzanit,” Berlin, 1918. 
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to*120 pfg. per kilogram in the sjiring of 1922. According to the 
Wirtschaftliche Vereinigung Deutschcr Gaswerke A.G. of Cologne, 
to which 607 works belonged on March 3Lst, 1918, the quantity of 
spent oxide from gas purifiers wliich is annually sold in Germany 
amounts to 82,000-90,000 tons — i.e., 30,000 tons of sulphur assuming 
an ajq^roximate content of 35 per cent. The pn^^osal has boen made 
to use this spent oxide and gas liquor directly as an agricultural 
fertiliser and for the destruction of weeds and insect pests. ^ The 
crystallised potassium ferrocyanide obtained from spent oxide corre- 
sponds to 10 to 12 j)er cent, of cyanogen in the form of Prussian 
blue ; there is also present 1 to 4 per cent, of ammonium sulplio- 
cyanide ; 1 to 4 per cent, of ammonium suljdiate, and, as already 
mentioned, an average of 30 to 40 2 X‘r cent, of sulphur. The pro- 
duction of cyanogen (iompoimds from spent oxidi^- is a relatively easy 
l)rocess. Sj)ent oxide therefore^, j^resents a partial solution of the 
problem of simultaneous fixation of the sulphur and nitrogen in 
coal. Methods of “ wet wasliing ” have latterly ])een introduced, 
and have 2 )rov(Ml successful, more ])articularly Bueb's process 
(German Patent 112,459). Bueb washes the gas with a solution of 
ferrous sulpliate. We cannot consider this ^nocess in detail here, 
but must refer to the publications of Volkinann and Muhlert, ahcaJy 
referred to, as well as to the F<>rtsehrittsi>erichte of Waescr in 
GAem. Ztg,, 1913, No. 110; 1915, No. 118, 119, p. 741; 1919, No. 
131, p. 890. The chapters on cyanogen coni])ouiids and on lighting 
gas in lUlmann's ‘‘ Encyclopicdia ' “ })y W. Bertelsmann are 
very valuable. Tlie production ot cyanide during tiie gasifica- 
tion of molasses residues (German ])at. 80,913 and others) by the 
method of Keichardt and Bueb is iinportajit. It was first 
o})erated commercially l)y the Zuckerralhnerie i)(‘ssau in 1898. liiie 
Deutsche Gold- und Silberscheideanstalt A.G. of Frankfurt-a.-M. 
works the process of Castiun*, whicli utilis(‘s sodium and ammonia 
(German pat. 90,999), etc. •'fhere is a similar but older method 
of Stassfurt(T Chem. Fabrik Vorm. Vorster & Griineberg A.G. of 
Stassfurt, which dejx'iifls on German 2 )at. 38,012 of Siepermann, 
who treats mixtures of alkali and carboji with ammonia at aTlull red 
heat. A similar process by Beilby (German l^UenJ. 74,554) has been 
practised by the (tassel Gold Extraction (^ompany in tllasgow since 

1892. • . • 

• • 

We are liere interested in attempts to utilise tlie nitrogen of the 
air directly fqr the i^roduction of cyanides. The })ioneers in this 
direction were Possoz and Boissiere, who treated wood charcoal 

} Chern. Zlg.y 1020, p. 171 ; Journal f. GasheU 1918, p. 121. 

* Vol. iii. (1916), pp. 694^628, and vol, vii. (1919), pp. 667-610. 
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soaked in a solution of alkali in vertical retorts with flue gases at a 
white heat in 1843. Att(‘rn})ts have also been made to synthesise 
hydrocyanic acid directly from its elements with the help of the 
ciivrgy of th(‘ elecdric arc. Dewar carried out exioeriments in 1879,^ 
and they liavc^ been continued by O. Dieffenbach, W. Moldenhauer 
and (liemi. Fabr. Grieslieim-EU-ktron ((kTinan Patents 228,539 
and 255,073), and by Konsortiuin fiir elektrochomische Industrie 
G.m.b.ll. of Niirnberg (now of Munieli) (German Patents 203,692 
and 2()8,277) ; also by A. Helfcnstein ((4erjnan Patent 262,325). 
The i)rocess of J . E. Buelu r, which has been taken up by tlie Nitrogen 
Products (<om})any of l^rovidenee, II.»S.A., jn'ornises to become 
important. Tt (I(‘ 2 H‘nds on j)asshig a current of nitrogen at 900° C5. 
over a inixturi' of (‘(pial parts of sodium carbonate, graphite, or coke 
and iron j)owcler. This interesting med-hod is closely associated with 
the nitrogen industry, and will be discussed in more detail later (see, 
for exam])l(‘, Ge rman Bateait 286. 08()). A process has been developed 
by A. \l. Lindidad (GcTinan Palent 293,904), who obtains (;yanidc 
in an tlt'clric furnace from jxdash, charcoal and nitrogen, and has 
been (h‘velo])ed at tla* Sandsta Elektriska Smaltverk. It is intended 
tluit the procc\ss shall be worked by the Aktiebolaget Cyanid at 
Trollhiittan. 

As is shown by the historical development of the calcium cyan- 
amide industry, which has already been descrilnxl, the cyanide 
industry is the n^al origin of the nitrogen fixation indust^ 3 ^ 

The lime industry, which is closely conncc*t('d with the nitrogen 
fixation industry, is controlled by the Deutscdie Kalk bund, which was 
founded in 1919. The distribution of this commodity in April, May 
and JuiK', 1920, in tons, was as follows (the figures for the third 
quarter of the year were very similar) : — 


Aiuil M.iy. June. 


('onsiiiniiig (Troiii)^ 

AIli'Ki’d 

1 M'lnuiid 


Supply 

Alli‘K(*d 

Di'iiiand. 

Supply. 

Iron and iiuhistrv 


i • 11 

‘IT.OfM) ! 115,740 

50,000 

110,780 

50,000 

(-alrmin c-yanaiinde indiisti x . 


28,000 ! 35,500 

32,500 

40,500 

35,000 

Chernical indnsti y . f. \ 


1 2t,tM)0 08,700 

24,000 

0‘),540 

24,000 

(Joke ovens ami jijs \\oiks . ' 


1 4,000 : 4,000 

4,000 

4,000 

4,000 

jAine as fertiliser 

7<»S,45a - 

1 70,000 ; 203,300 

25,000 

244, 4(K) 

15,000 

Lime for building trade 

Lime - sandstone industry 


i 40 000 ! 202,820 

! ! 

77,000 

320,70 ) 

83,000 

(artificial stone itidu.strv) . 


1 10,000 1 10,550 

12,500 

20,950 

14,000 


1 0,000 1 13,000 

10,000 

14,000 

10,000 

Totals . 

708,450 

235,000 782,070 

235,000 

839,870 

235,000 


^ Chf'iil, ^ews, 39 , 282 . 
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According to an order of the Imperial Government, the require- 
ments of the nitro-lime industry have priority. An increased pro- 
duction of lime, more particularly for building and fertilising pur- 
poses, is not to be hoped for until larger coal supplies are available. 
According to the data of the Verein Deutscher Kalkwerke, the supply 
of lime to agriculture in former years was as follows : — 


191 :i 

1914 

1915 

1916 

1917 


Burnt Limp. 
Tons. 

2,121,174 . 
1,042,127 . 
821,313 . 
837,419 . 
816,921 . 


irnl)urnl Lime. 
I’ons. 

1,398,184 

947,325 

857,975 

896,529 

789,968 


This rapid decrease in the supply of lime explains the })reference of 
agriculturalists working land deficient in lime for calcium cyanamide 
which contains much lime, and thus suppli(‘s two important fertilising 
elements to the land. On the other hand, it must be mentioned here 
that many agricailturalists object to calcium cyanamide*, in conse- 
quence of its dust-])roducing and corrosive qualities. Tt will, there- 
fore, remain as an aim of this industry to r(*m()ve tlu‘se objectionable 
qualities from this otherwise excellent hndilisc'r. We will shov’ later 
that the addition of oil lias so far proved the best remedy for these 
disadvantages, but unfortunately it has b(‘en im])ossible to (unploy 
this method in Germany latterly in conse({iK'nee of the shortage of 
suitabU* oil. 

In general there* was an increasing disinclination amongst agri- 
culturalists in 1920 to utilise nitrogenous fertilisers, as the price of 
these had risen so greatly. This unfortunate result is due to the fact 
that it has been found im[>ossible to jmxluce an iiUTcased hardest 
corres])onding in value to the manure which is(‘m])loyed, j)articularly 
on lighter soil, and this is in turn closely connected with Ihe greatly 
increased cost of agricultural wages, materials and impk'iiK'nts, and, 
last but not least, with the demand for the removal or modification of 
the Stab* control of agriculture. The cases of the small, middle, and 
large landholdiT differ, of course, considf'rably, as their Economic 
conditions are on a quite different footing. I^fie circiunstances which 
have been describ(‘d have led to the cane(*llatioif of individual 

orders ®for fertilisers. The industry would be wise to heed these 

* * • . 

warnings. The economic success of the nitrogen industry at present 
deptmds on pie cost of fuel, wages, and so on, just as the return of 
agriculture* de>es on the prices fixed for its products. Under normal 
conditions prices Would have be*en settled by the*, circumstances of 
supply and demand ; it is questionable whether this is the case 
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to-day, and further interference by the State may be necessary 
during the intermediate period. The State is interested in these 
matters from many points of view. It Jias not only to consider the 
interest of the capital wliieli it has invested in the atmospheric 
nijbrogen indiistry, })ut it must also endeavour to cheaj^en and 
improve the food supply, which is identical with the productivity of 
agriculture, tliis being one of the main factors in the recovery of 
German economic (‘-onditions. The general educated public supposes 
that an increase in the potash industry would sutlice for this purpose, 
this sup])lying a GcTUian natural product, which would perhaps be 
cheaper than synthetic nitrogenous fertilisers. But the soil only 
yields a high return if it is suj)})lied with all the mineral fertilisers — 
potash, ])lios 2 )lioric a(ad, nitrogen, lime, and so forth — in sufficient 
quantity. According to tlie remarkalde law of the minimum, dis- 
covered l)y Liebig, the quantity of tlie crop is controlled by that of 
tlie fertilising ingredient which is relatively deficient, so that ample 
fertilisation witli j)otasli salt and basic slag is c‘oin})aratively useless 
if there is a (hdiciency of nitrogen in the soil. This simple con- 
sideration aloiK' explains the vital im])()rtanco of the nitrogen 
industry, uhich has changed in character since the war period, 
but is noiU‘ the less im])ortaTit to the coiinnunity. During 1921 
the market position of the Gcunnan nitrogen industry decidedly 
im])roved. 

The (Jennan Government interests in the nitrogen industry and 
in th(' clos('ly connected large-s(^ale production of electric ])ower 
arc now dealt with by the Industrial Division (First Division) of the 
1 mix ‘ri a I Exeh e quer . 

The development of the nitrogen industry had a stimulating effect 
on i he manufacture of industrial gases. Bure nitrogen is required for 
the production of nitrodime, and nitrogen and hydrogen for the Haber 
synthesis of ammonia. Initially the nitro-lime industry ])roduced 
nitrogen l)y j^assing air ov(‘r red-hot .copper turnings, which were 
periodically regenerated by reducing g«ases after they have been 
converted into oxide. This rather ]jrimit’.ve method was soon 
abandont‘d. The nitrogen for the manufac-tiin^ of nitro-lime is now 
obtain(‘d almost (‘ntiryly by the distillation of liquid air. Plant for 
this pur]X)s(‘ is ])uilt in Germany by the Gesellscliaft fiir Lindes 
Eismaschineji A.G. (Abteilung Gj^^sverfliissigung) of Hdilriegel- 
skreuth, lU'ar Munich, and alsf) l)y the Ges(*llsc}iaft fur Apparatebau 
P. Heylandt m.b.H. of Berlin -Mariendorf. The enormous develop- 
ment of the t(‘chnf)logy of liquefied gases is shown by the following 
figures of the Linde Companj^ of plant already i?rected or in course 
of erection : — 
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1 

Liquid 

Ail' 

PllllltS ' 

Oxygon Plnnta 

Nitrogon Plants. 

Hydrogen Plants. 


O' 

.o 

5 

Annual 

Output. 

Number 

Annual 

Output. 

Number. 

Annual 

Output. 

November, 1916 j 

; ” ! 

05 

160 

Cubic Motri's 
47 million 

50 

Cubic Mitres 
2.'18 million 

17 

Cubic Mptr*H. 
,27 million 

October, 1918 . 

120 

209 

72*5 million | 

55 

310 million 

IS 

29 million 


In 1912 there were enly 81 oxygen j)lants, 22 nitrogen plaiitn, and 
12 hydrogen plants. Whilst the fractionation of liquid air is 
comi^aratively simple, on account of tlic differences of the boiling 
points of oxygen and nitrogen (— 182° C. and — 195° C.), the’ 
production of hydrogen by the Linde-Frank -Caro 2 )rocess from water 
gas is more com 2 )licated. The average composition of water gas is : — 

48 to 52 jK‘r cent. 

42 to 44 per cent. CH), 

5 to 2 j)er (^ent. CO 2 , 

5 to 3 per cent. N^, 

with varying amounts of oxygen, methane and sulphur and nhos- 
l^horus coTupounds. From this mixture carbon dioxide is removed 
by absor])tion and nitrogen, eaibon monoxide and the other im- 
purities l)y cooling with liquid air. Hydrogen boils at — 253° C., and 
therefore remains gaseous. A gas is first obtained containing 97-0 
to 97-5 2 )er cent, by volume of hydfogen, which can l)e freed from the 
remaining traces of carbon monoxide by treatment with soda-lime 
under pressure, ajid thcji contains 99-2 to 99*4 j)er cent, of hydrogen, 
together witli 0-8 to O-O ])er cent, of nitrogCTi. ^ 

The ])rice of gases obtained by liquefaction is naturally dependent 
on the cost of the raw material and the scale of manufacture. 
With a jdaiit of average size^ finder normal conditions in the j^re-war 
period, impure hydrogen could be manufactured at a 2 )rice of about 
12 pfg. 2 ^er cu. m., afid the })urilied gas at 14 pfg. jxt cu. m. The 
data of th(' Lindeg(\s(41schaft on the manufacturing costs ci nitrogen 
under pre-war conditions are exceedingly iiiteresting (see table on 
p. 88). * • 

Thft large Linde jilantsof tke nitrogen industry probably su23j)lied 
nitrogen during the first years of the War*at 1 to 1*5 2)fg. per cubic 
metre. Such nitrogen was easily obtained of 99*5 per cent. j)urity. 
The industry is so large that the quantity of oxygen obtained as a by- 
IDroduct is also veiy Targe, anti in future this gas must be considered 
as a chfiap by-product. C. von Linde has already called attention to 
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Capacity : Cubic Metres per Hour 

40 

400 

4,000 


Mark'<. 

Marks. 

Marks. 

Power : 1 h.p. = 10 pfg. 

3*60 

— 

— 

1 „ = 6 „ . . . i 

— 

9-60 

— 

.1 „ = 1 „ 

— 

— 

9-50 

Wages : 1 nu'chanic and 1 assistant 

200 

2-00 

— 

1 ,, ,, 3 assistajits 

- . 

— 

3-80 

Lubricating oil . . . I 

0-30 

0-50 

1-80 

Caustic soda . . . . . I 

O-IO 

0-30 

2-50 

Calcium chloride, water, cleaning material, 
etc. . ... 

0-10 

0-40 

1-50 

Working costs per hour 

(MO 

12-80 

19-10 

Works costs per cubic metre of nitrogen 
in ])fennigs ..... 

15-20 1 

3-20 

0-48 


the ti^ehiiical uses of siu^h oxygen ' and R'portcHl in tli(» same pub- 
lication on the first attempts to us(‘ “ ()xyli(|uit ex])losives during 
the construction of the Simplon Tumu’]. Tlu' us(‘ of licpiid air or 
licpiid oxyg(‘n (explosives for the Idasliiig of rock, for r(‘moving tree 
stumps, and so on, is already extensiv(‘. We may j^ientioii'in this 
e.onnection tlie ])roc(.*ss(‘s of tlie Spr(‘ngluft“(}es(‘llsehaft, of BiTlin. 

The procc'ss of the B.A.S.F., the tcHdiineal details of which will 
b(‘ discussed later, is of much int(‘r(\st. The B.A S.F. jmxluces a 
portion of the necessary nitrogen in a Linde plant and 1 h(‘ rest from 
producer gas. Producer gas, water gas, and stt'am are caused to 
interact in presence of a contact niass containing imdallic oxides of 
the iron grou]). The carbon monoxide of the watcT gas and the 
2 )roducer gas rc'acts ae(M)rding to the folio wi Jig (equation : — 

• CO + H/) CO. -1- H.. 

The carbon dioxide which is formed is nmioved by absorption in 
water under pressure. Tlu* last toces of carbon monoxide arc 
absorbed by ammoniaeal cuprous oxide'solution or a similar reagent, 
and the remaining gas then contains nitrog(^‘n and hydrogcm only. 
If th(^ produc^er gas and wati'r gas hav(‘ Ix'en mixed in jirojx'r jiro- 
portions, a mixture of nitrogcm and hydrogem in tlie correct mole- 
cular ])roportio;is i.^olitained directly. 

Hydrogen is climfly jiroduced l)y^ the various iron contatct pro- 
cesses of decom])osing st(‘am ; plants which utilise this procc'ss are 
suj)])lied by the firm of Carl Francke, of Bremen, which uses the 
MesscTschmitt jirocess, and has erected plant with a total output 
of ()8,0()(),000 cu. m. of hydrogen and 2()(),(K)0,.qp0 eu. in. of water 

* Zdtsch. d. Wr dcnis<Jt. 1900, p. (i9. 
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gas per annum since 1914, and also by the Berlin -Anhaltischeii 
Maschincmbaii A.G., of Berlin, who use the Bamag-shaft process. 
LTp till 1919 tlie Bamag supplied 76 orders, including many repeat 
orders, for a total of 120 water-gas plants for gas works, and 86 
orders for 130 plants for industrial and aeronautical })urposeK, the 
daily output of plant supplied by them being 2,500,000 cu. m. 
Up to July, 1918, the Bamag had also su})plied 75 hydrogen plants 
in execution of 47 orders and re])eat orders, of an annua] output of 
about 125,000,000 cu. m., among whi(‘h were 18 plants for the 
B.A.S.F. works of a yearly output of 1*5 million cu. m. Large 
quantities of hydrogen are used for fat liardening, for the hydro- 
genation of na])hthalene, the autogenous welding of niidals, and 
so on. 

The industry of liquefied gases ^ has develo])ed to very large 
dimensions, largely through tlu' growth of tlie nitrogen uidustry. 
Ex])erienee in handliiig siu;]) large quantities of gas has liad a far- 
reaching infinenee on the apparatus aiui mi'asuring devici\s of 
chemical industry in general.^ 

The nitrogen fixation industry v(‘ry soon (*am(‘ und(‘r State 
control, in cons(‘cpience of its importajK*(‘ for nalional d(‘f(‘nce, for 
agriculture, and for national food suj)|)lu‘s. A surv(‘y nf :dl tlie 
official regulations in this eonnecTion is »mnec(\ssary, and a few i)riee 
data given in the table on pj). 90-9* vill sufiie-(‘. A distinction was at 
first Jiiade. as in the sale arrangements of the Ammoniak-V.-V., 
b(dween District T., w(\st of the Elbe, and District 11., east (J tlie 
Elbe. This division was abandoiKMHater. The^ administrative order 
of daiiuary 11th, lOKi, is more or less fundanu^ntal, as it introduces 
the idea of a kilogram pcT'ccntagc of nitrogen as the uniform pjfce 
basis. The fertiliser dealers combined in 191 5-1 (i to form ^lie 
Deutsche Landwirtschaftlic)i(‘ Kandclsbank (ir.m.b.Tl. of Berlin, 
which comprised 1,200 nuunbers in 191 (>, and which, jointly with 
the Bezugsvereinigung d(‘r depfschen Laiidwirte ()!.m.]).H. of Berlin, 
controlled the distribution of fertilisers sold by the (jJov('rnment. 
By an order of Oetolxir 24th, 1917, a fViee Kixatioji Bur(*au for 
cyanamide was establislied at the War Food Supj)]y ()1fi(‘(‘ a# Berlin, 
which was extcMided by a further order of March 13th, 1919, to 
include a Price Fixation Olfice for all nitrogenous fertilisers. This 
olhce iiliposeal a hwy, by nitfans e)f whieli high manufacturing 
costs were subsidised anel the various ])rice\s equalise'd. Producers 
were obligeal te) eontribute to this levy, with which all home-manu- 
factureal fertilisers were' debittMl. No furtlier levie^s on nitrogenous 

^ Oolnp.ve a. .\u(*rbiich, m Ullmanu’s Knt y< l()]KV(lui/’ vol. v. (1017), p. (>70. 

- Ko pfierfi- Milteiliuujen, 1910, parts 0 and 7. 
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PEICES OF THE PRINCIPAL NITRO 


Date or 

Year. 

• 

Aranionium Sulphate. 

t'vanainidc 

(Xitro-Liine) 

Sodium 

AiiJiuoninm 

Sulphate 

Ammonium 

Chloride. 

Amniunium 

Xitrato. 

Ordinal y 
l^imlitv 

2.V., .Mlj 

Dried and 
Ground 
Qnalitv 

25 5';;, Nils 

1913-14 

* Approx. M 28 per 100 kg 

Per kg. % N 
— about 

51 116 




1.0.1915 

100 kg -- 
M 30 50 

Distriet T. 
100 kg - 
51. 31 0(i 
District J I 
100 kg - 
51 3 1 50 





11.1 1910 

Per kg N 

I : M i-4S 
li . i\l 1 49 

Per kg %X 

1 . 51 1 48 

II .51 1 50 

Per kg % X 

I : 51 1-47 

II -51 1 47 

Per kg Vo N 

T : 51 1 48 

11 . 51 1 19 



6.6 1916 

Per kg X 

J and II 
as above 

Per kg X 

I M 1 511 

II 51 1 524 

Per kg X 

Af 1 40 

1 

1 

1 


10.3.1919 

i 

Pel kg N 

M 1 30 
-f- iMikage 

M 0 80 

Pei kg 

M 1 86 

1 paek.ige 

51 0 80 

Per kg X 

51 1 40 
i paekagi' 

M. 1 

Per kg X 

51 1 80 

1 package 

51 0 80 


Per kg. % X 

51 2 

4 pai-kage 

M 0 80 

1 7 1919 j 

1 

i 

Per kg .N 

51 2 90 I 

\ package 

M 1 i 

P(‘r kg X 

\I 2 96 

1 package 

51 1 

J'ei kg. X 

51 1 40 

1 package 

51 2 

Per kg ‘5, X 

51 2 90 

1 pai kage 

M 1 

Per kg Vo X' 

51 2 90 

1 package 

51 1 

Per kg. Vo X 

51. 3 40 

4 package 

51 1 

1.10 1919 

i 

Per kg % N 

51 2 90 1 

-f i)ackage ' 
51 2 50 

J'er kg 'Jo X" 

5T 2 96 

1 i»aekage 

M 2.50 

P<‘i kg Vo X" 

M 1 40 

1 p.iekage 

M 3 45 

« 1 

1 

INt kg Vo N 

51 2 90 
• p.K kage 

51 2 50 

Per kg Vo N 

51 2 90 
+ package 

51 2.50 

Per kg % N 

51 3 40 

4- package 

51. 2 00 

].3.19'J0 1 

' 1 

! 

Per kg N , 

5i !» 51) 

■\ pai kagi* ' 
51 2 50 j 

Ib'i kg X 

M 9 8.5 

T ji.aekuge 

51 2 50 

Pei kg N 

51 I 40 
i |»a( kage 

51 9 30 

Per kg Vo X 

51 9 :>o 
-1 pai- kage 

51 2.50 

IVr kg f'., X 

M. 9 50 
) pai kage 

51 2 50 

I'er kg Vi, N 

M 11 00 

4 package 

51 2 50 

1.6 1921 I 

Per kg iN 

M 1 4 50 j 

Pei kg N 

51 14 85 

Per kg 

51 12 90 

P«‘i kg X’^ 

M H .50 

< 

Per kg Vo X 

51 14 50 


10 10 1921 

l*er kg N 

51 17 40 • 

l*el kg % X 
• 51.18 

Pei kg “o X 

M 15 50 

P('i kg Vo X’ 

51 17 40 

Per kg X 

5f. 17 40 

4 


.5 12 1921 

Per kg X 1 

51,25 80 

Per kg X 

51 26 40 

J'(*l kg Vi. -N 

51 23 

Per kg.. Vii X' 

M 25 80 

Pei kg Vo X 

51 25 80 


H.2 1922 

M 29 80 

51 30 60 

Af 26.50 

51 29 80 

51 29 80 



Remarks 

fl 

District I . — ]-.ocalitlcR actually on thr Elbe and west of the Elbe. * 

District JI . — Local Hies east of the Elbe. • 

In terms of Na^IOj the German price Is now about one-half of the price on the world'a markets. 
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Sofllnm 

Ammonium 

Nitrate. 

Putiisaium 

Ammunium 

Nitrate. 

1 

iSodlum 

Nitrate. 

Boiiemcul- 

Ainmuiiiiim 

Nitrate. 

(Jypsiim- 
Ammoiiiiim 
Nitrate or 
Caleium 
Ammonium 
Nitrate. 

Ammonium 

Sulpho- 

Nitrate. 

Various. 


Chile nitrate, 

100 kii. =* 

M. 22 20 














1 


i 

Bonemeal. 

Per kg. % N 

M, 2 10 


1 


i 

1 

i 



Pei kK N 

M 2 20 
-i pai'kfiKC 

M 0 80 

Per kp % N 
M 2 75 
i puekape 
A1 0 80 



Per kg. Vo N, 

In hloodmeal, 

Al. 2 00 , 
in horiimeal, 

M. 2 20 

Per N 

M .S4() 
mixed with 
40-4.)% 
coinmon suit, 

I- lUCk.lBl! 

M 1 

Pei kj.^ N 

M 2 40 

Manutaetined fiom 
aimuonnim nitrate 
and iiotnssiiini 

ehloride In ad- 

dition per kp Vo 
IljO - M 0 4s 
-j- pai kaye M 1 

l‘ei kp N 
M H40 
i i*.\ekape 

M I 

IVr kp "o N 

A1 2 40 
Mixed Mitli 
at least 

3'’u boiicmeal, 

1 paekape 

Al 1 

Per kp N 

M 2 40 
Mixed with 
about 40", , 
pypsiini oi 
lime, 

-f paekape 

Al 1 

(Added later) 
Pit kp .V 

M 2 20 

1 iiaekape 

M 1 

I’er kp N 

in hloodmeal, 

M 2 00; 

In horiimeal, 

M. 2 20 

J’er kp "n N 

M 40 
Common sail, 
M l.andloi 
riiiKiimM 2 
per 1 00 kn of 
prod lilt 

1 paekuKe 

M i: 00 

Perkp 

M ;{ 40 

Pntasli freipht, 
riiixiim, ete . 

M, ;{ .50 pel 100 kp 
i- ])ack<ipe M 2 00 

i’er kp "o N 
M 2 10 
i paekape 

M 2 10 

Per kp N 

M 2 40 
Itonemeal, 

Al 0 tiO , i 
miMiip M 2, 1 
pel 100 kp ol j 
prodtf t 

1 jiaekape | 

M. 2 00 1 

1 

IVi kp % N 

M 2 40 
CypMim or 
euliium 
eai honate, 

Al 1 

mixiiip Al 2, 
]) 0 i loo kp ol 
prod net 
-r liiiik.ipe 

M 2 00 

Per kp "o N 
M 2 20 
-f pin kiipe 

Al 2 55 

Per kp % N 
in hloodmeal, 

Al. 2 00 ; 

111 hornmeal, 

Al 2 20 

j 

I’er k« % N 

M 11 

•1 paekiiye 

M. 2 1)0 

Per kp N 

M 11 

1 pai kape 

Al 2 50 

I’ei kp N 

M 12.50 
! paek.ipe 

AI 2 50 

IVr kp N 

M II 

h ])aekap<- ! 
A! 2.50 1 

Per kp '5i ^ 

M 11 
-1 p.iikape 

M 2 50 

I’ei kp N 

M 10.50 

1 paekape 
M 2 50 

lUood and horn 
meal os hefore. 

Bonemeal, 
per kp Vk 

Al. 6 

(20.2 1020) 

Per kK N 

M. 14 50 

]5-( kp N 

M 14.50 

Pei kp 

M 17 50 

n 

I'er kp N 

AJ 14 .50 

I’er kp % N 

Al 1 4 50 

I’er kp % N 
M 11 50 

Per kp. Vr'i N 
in hlooiimeal, 

Ai. 2 00; 

111 liornmeal, 

AI. 2 20 ; 
in bonemeal, 

* M. 2 

Per ki' % i\ 

M 17 40 
with 40-45% 
common aalt 

Oer kp % N | 

M 17 40 : 

Pei kp. N i 
M 24 i 

1 

Per kp N 

M 17 40 

At least 

2"„ hinieiiieal 

Per kp. Vo N 

M 1^*10 M 
With 10"„ 

p) p^iini 1 

Per kp. Vo N 
Af 1 7 40 
« 

Blood meal, 

Al. 10 
Horiimeal, 

AI 16 

Per kp N 

M 2.5 so 

l»er kp ‘5^, N 

M 25 80 i 

kp N 1 

A! 21 20 j 

I’er Up “o N 

M 25 80 

Per ^p Vn N ! 
Al 25 80 ^ 

Pei kp N 

Al 25 80 

Blood, iioal, 

M 10 

M. 21) 80 

M. 21) 80 

A1 30 

Al 20 80 

Al 20 80 j 

Al 20 80 

Horiimeal, 

M. 10 
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fertilisers have been called for since June 1st, 1921. The table 
presents a good siiinniary of the various qualities of fertilisers which 
were dealt with, and shows that prica. were quite normal until the 
middle of 1019, but rose rapidly from July 1st, 1010. The maximum 
price is undcTstood fnn^ on rail at any (xerman normal gauge railway 
station,, excepting in the ease of bloodineal and hornmeal, in which 
the (jonditions are free on rail at the producing works. On resale 
the folloMdng amounts ])(t 100 kg. may be added to the maximum 
})rices : — 

(a) Up to 1 mark for quantitic's less than 5 tons. 

(/>) Up to 1-70 mark if the goods are sold at f)r (les])aiched from 
store. 

(c) Three per cent, of the total invoice amount. 

The producer has to allow the dealer a discount uj:) to 3 marks 
])er 100 kg. of Tuaterial. When nitro-lime is (leliv(T(‘d in sacks, the 
gross weight is invoiced. Tf 50-kg. 2 )ackages are (-ailed for, a charge 
of 25 2 )fg. may b(' ma(l(' for each j)aper j)aekage. The ])roduction of 
mixed f(Ttilis('rs is controlled by sjxH-ial rules and ordinances. Im- 
ported mixed fc-rtilisers from abroad or from tlie o(*cu 2 )ic*d territories 
are also sub ject to these maximum 2>^*h‘<‘‘^ (Onh^rof May 4th, 1020). 
The control of 2 )rices, d(‘li veri(\s, and so on, is now rc^gulatc'd by the 
2 )ublications of th(‘ Im])erial Board of Trade* or by the* Board of 
Control for Ammoniacal and Phos])hatie Fi'rtiJisers in Berlin. A 
new factor in fJerman economic life has a])])ear(‘d in the form of a 
Nitrogen Commission, whi(‘h meeds from time to time and on which 
the lm 2 X*rial Board of Trade*, flie- liiiperial Ciiancellery, the kVderal 
State-s, the Nitrogeui Syndicate*, the* various GeTina!! agricultural 
unie)ns, the d(‘aleTs, the |)hos))hate works, and the* work“pee>ple are 
re^)resenteel. Its elufies are the tixation of sale ])rie-es, the e-ontred of 
the out 2 )ut anel of sale coiielitions, the elistributie)n of the out 2 )ut to 
agriculture anel inelustry, the re'gulation e)f the* imj)orts anel ex 2 )orts, 
and the distribution of information. tThe ja-ice* incre'ase* of October 
1st, 1010, was due to a decision e)f thin e*e)mmissie)n, anel was more 
es 2 )ecially elesigned to increase ])roeluction.* 

The^ feu'matiem of this e)rganisatie)n, in whie-h the*re w(TO also 
re 2 )resente‘d the* ljn^)e*rial Chemical Trade Union, the Office for 
External Che^mical Trade*, anel e)the*r organisations, rende-reel certain 
edher l)e)dies su]x*r(luous, which we-Te fornK*el,eluring or she)ftly after 
the War. Ainong the*se we*re* the lleiehskommissariat fiir Stickstejff- 
wirtschaft (IjiqK^riai (\)mmissie)n for the Nitrogen Industry) founded 
in 1017 by the War Oflice fe)r the distributiem of nitre)gen eom230unds 
for munitions, which was under the su 2 X*rvis?on ed Dr. Bueb, the 
Im 2 )erial De 2 :)artment for Ecemomic Demobilisation (Chemical 
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Group) (Chairman, Professor Haber), the Sub-Committee for the 
Fertiliser Industry, the (\?iitral Office for the Promotion of Fertiliser 
Manufacture, and others. These were therefore dissolved. Freight 
charges for fertilisers wc^re fre(iuently revised during 19J9 and 1921. 

In the spring of 1915 the only syiitlietic nitrogen works in 
Germany, apart from the Oppau Works of the B.A.S.J"., were 
cyanamide (nitro-lime) works. The Jiitro-lime producers attached 
to the group of the Deutsche Bank are said to have uschI this cir- 
cumstance to suggest to the Government the formation of a nitrogen 
monopoly. They hox)ed by this nH‘ans to ensure higher prices and 
larger returns fr(mi tJi(‘ir expensive 2 )lants.^ The Ileichstag was 
induced to consider a Bill authorising the introduction of a nitrogen 
monoj)oly - which was carefully considered by a special commis- 
sion, which consi(l(‘red evidence by no less than thirty experts. 
Various bodies considered this scheme, including the ('ominittee of 
th(^ Association for Promoting the Interests of the Orman Chemical 
Industry, and a d(‘])utation from th(' Altcsten der Kaufmanuscliaft ” 
(Elders from the Merchant (k)mmunity) of Berlin ; memoranda were 
received from the (Chambers of Comnu^ce of Frankfort-a.-M. and 
Hamburg, and other v('ry informative memoranda from the B.A.8.F., 
the Chem. Fabrik vorm. Weiler ter Meer, and the Union of Gcrr>ran 
Fertiliser Manufacturers.*'* The B.A.S.F. in jmrticiilar made it 
perfectly clear that tlu^ inonojxdy would (essentially fonn a protection 
for the nitro-lime industry, which w^as working at a loss, wliereas 
they themselves would v(TV shortly be able to supply any required 
(piantity of ammonia more cheaply without any State support. 
The Nardd. AlUjem. Zig., a semi-official organ, tlu'ii wT(de as follows, 
in order to dissij)ate any doubts with regard to t he desirability of the 
13ropos(^d mono])oly : “ Th(‘ c.oiiclusion that the j)ro])osed monopoly 
was essentially designed in the interests of the nitro-limc' producers 
is (T]‘oneous. The actual 2 )ur])ose of the 2 >r()jx)sal is to ensure a 
sufficient jiroductioii of nitrogmi compounds of any kind to suj)ply 
domestically all possible military and economic national require- 
ments. Th(‘ assumptio?! that tlie national Government, in framing 
its policy, has left out of account the Hab(T ])roc(‘ss of* manu- 
facturing ammonium sulphate syntlutically, i^pd has, mainly relied 
on tlie (-aro ])r(K*ess of manufacturing nitro-lime, is also (‘itoik'ous. 
In actu^^l fact tlu^ (Jov(;rnment secured an acceleration of th(' develop- 
ment and the (Huisiderable enlargcunent of the idant working accord- 
ing to Haber’s process by very ext(msiv(‘ financial co-operation 

^ Zfitsdi. hmfeiv. ('hem,, 1919, ii., 154—155. 

2 p 200 ; C'Acm. lnd„ 1915, Noh. 23-24. 

“ Chem. Ziy., 1915, p. 372. 
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before the agreements with the nitro-lime group were ever con- 
cluded.’' ^ During the proceedings of the Commission, the Secretary 
of State, HellTcrich, emphasised the fuct that powers were desired 
for a monopoly of the wholesale trade only, without restricting the 
r^etail trade*, and tiiat ])rice increases of nitrogen compounds were 
to be excluded. At their meeting of August 20t}i, 1015, the Com- 
mission unaniriKJUsly passed a resolution that they were ready in 
principle to agree, in case of need, to a law authorising a trade 
monopoly of nitrogen. ^ Although the “ Standige Ausschuss des 
Deutschen Landwirtschaftsrates " (Permanent Committee of the 
German Agricultural Council) assented to the acceptance of this 
Bill with certain reservations.® it was finally abandon(*d, owing to the 
aboA^e -men ti oned o b j ectio us . 

All intentions of establishing a monopoly thus aj^peared to have 
been disposed of.^ The public were all tlie more surprised when it 
was announced on April 10th, 1919, that the Government had 'been 
conducting negotiations with the producing grou])s for some time 
under the direction of the lm])erial Exchequer, in order to establish 
a nitrogen syndicate (Weimar Report of A])ril 10th, 1919, in For- 
wdrfu). 8(*veral referenees to the danger of such a nujiiopoly had 
already appi'annl in trade journals.® The German Government laid 
their plan before the ^Jational Assembly, the Economic Committee 
of which studied it in detail on April 10th, 11th and 12th, 1919. 
We quote here from the re])ort of the proc^eedings l)y tlu* Magde- 
burgische Zeitang, No. 275 (evening edition of April 12th, 1919), 
according to which, wishes werv expressed for the fixation of a 
suitable relation between the prices of fertilisers ajid tlu* agricultural 
benefit to be derived from them. Objections were made ])y 
Duputy Dr. Maier (Swabia), who remarked that thc^ price (jf fixed 
nitrog(Ui should be regulated according to the results of those works 
w^hich were technically most advanced ajid which were working on 
tile most profitable basis, and not according to the working costs of 
obsolete works in which tlie Government might happen to be 
interested. Olqections were also raised by •several other de])uties. 
in r(*p]y, tlie Minister, Gothein, asked ® that the (Toverinnc'iit should 
not be pressed further^as understandings had been arrived at wnth the 
interested patties after negotiations which had lasted for months 
as a Ixasis for tlie jirojiosed agreement. Thei;e w^as no intelition of 


^ Chem. Ztq.y 1915, p. 499. 

^ Ibid., 19i5, pp. 404, 053. 

“ Ibid . 1915, p. 708. 

^ Zeitsch. f. a7igev\ (Uinri., 1918, iii., 02. * « 

® Sco Zctiscli. f. angew. Chtm., iolS, iii., 613 ; Wellwirtscliajts-Ztg., 1919, No. 16. 
® Zciisch. f. aiigew. Chem., 1919, ii., 266. 
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continuing indefinitely uneconomic manufacture in the Government 
works. Nothing could be said about the future course of prices, in 
view of the present price of co^xl (April 12th, 1919) and the uncertain 
labour situation. When the prices of coal and food had dropped, the 
prices of fertilisers would also be reduced. Whether this price could 
be ))r()ught into definite relation with the price of agrjcailtural 
products could not be foretold. The Government was itself very 
greatly interested in a rapid supply of fiTtilisers to the agricultural 
industry. Such a supply was, however, rendered very difticult by 
the bad transport conditions. The Economic Committee was ulti- 
mately unanimously satisfied with the agreement w^ith the syndicate, 
and passed by a large majority three r(\solutions concerning the 
fixation of prices, rapid deliveries of nitrogtm products to agricultural 
interests, and finally the re}>resentati()n of grou])s of consumers in 
the syndicate. 

A ‘detailed article in tlie Berliner Borseti-Courier of April 19th, 
1919, illustrates tlie lively g(Mieral interest in these important pro- 
jects; it will be (pioted liere, a-s it repr(\sents a valuable new stand- 
point regarfling the reasons leading to the establishment of the 
syndicate: When introducing the Enabling Bill of 1915, the 

Government was rightly able to insist in the Rei(*hstag that “♦hc' 
proposal liad neither a private economic nor a fiscal motive, but 
had essentially been framed from the standpoint of national defence ; 
now (in April, 1919) this standpoint is no longer valid. If, therefore, 
one seeks for reasons for the formation of the new syndicate, one will 
not be in error in assuming that the^State is now' concerned in the 
])rote(;tion of its investjnents, wdiich amount to over 100,000,090 
marks, and also in tlu‘ security of the advances which it has made 
to the B.A.S.E. I'lie B.A.S.F. cannot be the motive force in tfae 
formation of the combine, as in actual fact it pi*oduces nitrogen com- 
pounds much more economically than the nitro-lime factories. It 
should, however, derive considej*ible bemdit from tlie forjnation of the 
syndicate, as it has Ix'cn assured of a 00 per c(‘nt. projxirtioii of the 
sales, and, moreover, tht^priees would have to be regulated according 
to the average v(Ty high proiluction costs of the nitni-lime fa«?tories. 
It has, therehu’e, no further intcTest in pen-j/sting in its former 
O])position.” • 

The <t)kc ovens and^gas w^orlvv may have betai guided by similar 
considerations. Jheir production costs are (‘xtremely small. As 
the ammonia ])roduced by them is essentially a by-jiroduct, the 
production cost is essentially a matter of book-keej)ing. It must 
therefore be assumed* that the formation of the syndicate w^as 
actually carried out to protect the nitro-lime manufacturers who 
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have joint interests witli the Iinj)erial (xoverninent. In the interests 
of national e(*oJioini(*-s, it is tlierefore very deplorable that the Govern- 
ment works were' erected to work au obviously unprofitable process. 
The eonse(pKuiee is tliat our agriculture lias now to ])ay much higher 
prices for nitrogenous fcrtiliscTs than would be the case under free 
competition. It is also to be feareci that new inventions might be 
retarded or stilled by t}i(‘ syndicate. If, therefore, the formation of 
a syndicate' w(*r(' rt'aHy lU'cessary, tluT(‘ should have' been guarantees 
that the d(‘V(doj)ment of this young and jiromising industry should 
not be hanijKTcd. Having become the owner of enterprises which 
have beconu' unjirofitalile' through a, mistake whicdi cannot now be 
rectilied, the Government should not allow itself to be misled by 
int(‘r(‘sted groujis into taking measures which weiuld tend to remove 
the advantage' in the' production of nitrogen com])ounds which we 
have, as comjiared with other states. This danger is, however, very 
real, for it must be considered jirobable that nitro-linu' will not be 
al)le to comjiete with tliile nitrate without liscal prote'ction. The 
jirovision of nitrogen comjiounds f<»r our industry and agriculture 
cannot, how(^vt*r, be etfect('d b}^ our own works unless we succeed in 
reducing the jirice to a ])oint ajijireciably lielow that of C-hile nitrate, 
it would also be impossible to export the surplus jiroduction if the 
domestic production costs were so high that compe^tition witli foreign 
products w('re ho]K‘lcss. 

The danger of an international nitrogen trust has in no way 
disajijieared. If the export tax of aliout 35 jifg. jx'r kilogram of 
nitrogen established in C3iile beVore the War, which furnished almost 
the whole of tlu' jiublic revenue of the (Chilean State, wwe suddenly 
removed, th(* jirice <»f (3iil(‘ nitrate would undoubtedly sink below 
th/‘< (Jerman nitrogen prices. In view" of the tendency to the forma- 
tion of a trust which has always (rharacterised the (3iilean nitrate 
industry, w hich is mainly supjiorted by AnuTic^an and British capital, 
there is a (H)nsiderable jiossibility that the old ])lan for th(' formation 
of a nitrat(' holding company, wdiieli w"ould incluch' the large American 
and Englisli nitro-linie produc(Ts, may reajipear. Tlu' very fact that 
we are rdu'ad of foreign c-ountrit's in the industry of nitrogen fixation 
riMuli'rs it not improbable that this ])lan of defence against German 
competition rhay be assisted with the help of greater political powder. 
We should then'fore avoid all measures whi(*h might in Any way 
render our jirodiuttion, wdiich is at present on a competitive basis, 
more exp(*nsive. Sueli an ('fleet would, however, ensue if the forma- 
tion of the syndicate resulted in jirices which were fixed according 
to the average cost of production of the nitro-lime factories, and not 
according to the most economical methods of production. The 
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interests of the revenue are not so important that their protection 
by a syndicate is absolutely necessary. 

On May 8th, 1019, the thrtfe large groups of manufacturers of 
nitrogenous fertilisers united to form a syndicate, namely ; — 

(1) The B.A.S.F. 

(2) The Deutsche Ammoniak-Verkaufs-Vereinigung in Bochum, 
with the Oberschles. Kokswerken und Chem. Fabriken A.(t., and tlie 
Wirtschaftliche-Vereinigung deutsclu^r Oaswerke in Cologne. 

(3) The Jiitro-iime industry re 2 )resented by Bayrische-Stickstoll- 
werke. 

The directorate of the syndicate, which has its seat in Berlin, 
consists of : — 

Dr. Briiekner, representing the ]m 2 )erial Treasury; Dr. Bueb, 
representing the B.A.^i.F. ; Director Sohn of the Ammoniafv-V.-V. ; 
and Dr. Caro, rej^resenting the cyan amide industry. 

The interests of tlie GoviTiiment are tluTcfore rejirescmted both 
financially aiui on the directorate. 

The Deutsche StickstoiTsyndikat G.m.b.H. has its business 
address at Berlin, N.W. 7, Neustadtischekirch Sir. 9. It w^as founded 
with a caj)ital of about 300,000 marks, of which about 1 10,000 marks 
are held by the Government, 150,000 marks by the B.AS.F., auuab 

50,000 marks by th(‘ cyanainide works, and a similar sum by the 
coke and gas works. After the extension of all tlie worlds, a maximum 
(lonu'stie jiroduction of 500,000 tons of nilr(.)gen per annum is con- 
t(‘m 2 )lated, Avliich will be divided as follows : — 

300.000 tons nitrogen from the B.A.S.F. 

100.000 tons nitrog(‘j] from the cyanamide works. 

100,000 tons nitrogen from the coke ovens and gas works. 

This production compares with a total j)eacc-timc consum 2 )tion m 
1913 of about 222,500 tons of nitrogen, and its enormous value is 
evident if om* assumes, for instiniiee, the maximum prices of March 
1st, 1920. The B.A.S.F. prcxfuctioii must then be vahu‘d at «au 
average of 13 marks 2 )er J\ilogram of nitrogen, the cyanamide 2 )ro- 
duction at an average of 10-70 marks per kilogram of nitrogei^, and 
that of the coke ovens and gas works at 12 marks per kilogram of 
nitrogen. The values for the annual ju-oductioif ar8 thiis : — 

• • Marks. 

B.A.S.F. . • . . . 3,9»0,000,000 

Ni tro -lime works . . 1,070,000,000 

Coke ovcJis, etc. . . . 1,200,000,000 

The organisation of the .nitrogen syndicate was further described by 
Dr. Bueb in Cheniische Industrie of November 25th, 1919.^ Accord- 
^ Zeiisrh. f ungcu'. Chem., 1019, ii., 807, 
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ing ti) Dr. Bueb, the production of cyauamide in October was 
increasing so satisfactorily that tlie ])roduction for tlio month was 
20,000 tons of nitrogen. Had (Term any ])een victorious in the War, 
a maximum ])ro(lu(*tioJi of 500.(100 tons of nitrogen would have been 
attained at about tlie commencement of 1020. The revolution 
cbmj)Jetely changed tlie situation, and a recovery (>nly asserted itself 
gradually, Tiiis led to difficulties in the distribution of the con- 
tinuously inen^asing ])i‘oduct ion in 1020-21, according to an announce- 
ment of th(^ Nitrog(Mious Fertilise*!* (dmmittee*.' A control olficc* for 
ammoniacal and j)hosphatic fertilisers was (*stablished in Berlin, W. 8, 
for the sp(*cial purpose* of contredling ele‘live*ries from works which diel 
lied be‘long to the* synelicate*. This controls ele‘live*ries from the 
DeutseOie Ammoniak- V. the OlK*rschle‘sischen Rokswe*rken A.D., 
anel from Wirtse-haftl. Ve*re‘inigung Deutse‘he‘r Cbiswerke* (Industrial 
Assoe-iation of (h*rman (lasworks). Proeluction statistics have to be 
su})mitte*el to this control offie-e eve*rv montli, anel it re*gulates inlanei 
dedive*ries anel works ce)nsum])tie)n of all |)re)eluee*rs, and elefinitely 
(‘nsure*s that 50 per ce*nt. eif the* jiroeluction is su|)[)lic(l elirce*t to 
agrie'ulture* anel 50 ])er cent, te) '* trade*." A fertiliser e‘e)mmittee acts 
in cem junction with the* synelicate, anel the* me*in})e*rship e)f tliis ce)m- 
niittee* has already be‘(*n give*n here ; a rep]*e*se‘ntati ve e>f the* Imperial 
Tooel Supj)ly OHie-e* has be‘e*n aeldeel. 

In the* arti(*le alreaely incntieme*el, Bue*b shows that tlie prei- 
portion of nitrogenous ce)mpe)unels supplie*(l by the* gas \\<)rks has 
fallen fi’euu IS ])er ce'iit. before* the* W'ar to 5 pe*r ce'iit. te)-elay. It is 
inteneled that in future the gas works shall still supply ammeinium 
sulphate and alse) suf’ficie*nt ceme*eutrate‘d ainmoniae'al liepien* for the 
ammeinia sr^ela works. The* manufacture e)f ])iire* eone-entrateel 
aqueous ammonia and ])ure‘ ammonium salts is to lie* e:onlined 
exclusively to the B.A.S.F. 

The synelicate* no longe*r entertains the* ieU'a e)f an al)se)lute (jlove*rii- 
ment monojioly, anel only de*als in fertilise*rs, whilst such nitrogem 
proelucts as are use*el industrially arc subje*ct neither to fixatiem eif a 
maximum ])rie‘e nen* tei siijK'rvision by the synelicate. The) activities 
of the syndie*ate* starteel e)n August 1st, 1010. 

Ace;e)reling U\ the Peace* Treaty e)f Ve*rsailles, me>nthly de*livcries 
have to be maele to Frane*e* ed 2,500 terns of ammoniiiin suljdiate at a 
price freim ()ctol)cr to De*cembeT, 1020, e>f 142 fr. ])er 100 kg. carriage 
free to the Treme*h frontier, e)r 147 fr. in strong; ne*w sacks, in 
1020 the first atternjds we*re maele to expeirt large aelditiemal epian- 
titie'S of nitrogen e‘emipounels in emleT at least to stabilise the inlanei 
]>rices if not te)r(*eluce* them. The Ece)ne)mie) tVimmittee ejf the Reich- 
* Cficm. Ztg,, 1920, p. 404. 
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stag (Ipcuded in August, J920, to allow 25,000 tons of nitrogenous 
fertilisers to be exported in the first instance. These d(‘liv(Ties, the 
utility of which has been soriously contested, were mainly supjdied 
by the Leiina works. 'The main intcuition of reducing the inland 
j)rice was not achieved. In order to increase tlu* sf)inewhat heayy 
home demands, tlie StickstolTkrcdit C.ni.b.H. was humdt'd *in 
January, 1021, with 500,000,000 marks share ca])ital, of which 25 per 
cent, was paid up. Most of the shares of this credit organisation have 
])e(4i taken u[) by the nitrogen syndicate. OUht shareliolders are the 
JXmtsche Ammoniak-Verkaufsvereinigung of Bochum, the Ober- 
schlesischei\ Kokswerke und (liemiscJien Fabriken A.Cb. tJie l^.A.S.F. 
and the Bayr. Sti(;kstotIwerk(\ When supplying nitrogenous fer- 
tilisers, the nitTogen syndicate only draws iialf tin* purchase price, 
and the rest is ]ia,id m the form of bills, which it disposes of through 
all suj)j)ly and credit organisations and the StickstolTkredit 0.m.]).H., 
which are to have Ihe power of dis(H)unting th(vs(^ through the Reichs- 
bank and ])rivate discounting firms. Arrangements have been con- 
sidered for combining the control of tlu^ grain trade with that of the 
su])])ly of fertilisc'rs, by m(‘ans of an organised h)rm of ])arter. 

Th(' following table shows the nitrogen eontemts of tJie various 
fertilisers numtioned in the list of maximum j>ri(5( ^ ; - 


Ammonium sul])hate 


IVi lent. N. 
20*5 to 21 

('yanamide . 


1«S ,, 20 

Sodium ammonium sulphate 

.aliout 

10 

Ammonium chloride . • 


25 

Ammonium nitrate 


to 35 

Sodium animoiiiinii nitrate 


20 

Rotassium ammoniinn nitrate 

10 

Sodium nitrate 


I5 () to 10 

Bonemeal ammonium nitrate 

. about 

30 ,, 32 

(Typsiim or liine ammonium 

niti’ab^ 

20-5 ,, 25 

AmuK mi urn sul jilio-uf t rate 


27 


These figures can naturally not be considered as standard values, as 
the com[)osition of the Tnixed fertilisers may diller from those implied 
in the above table. Urea, which contains !()•() ])er cent, of ^litrogen 
and ammonium bicarbonate, are not includei^l ip this table, as no 
consid(‘rable dtunand for these prodiud-s exists at present. Both 
have a?i und<nd)t(‘d fiiture as tt^rti Users, in conseejuenee of the high 
nitrogen contents and (H)m])lete absence of useless foreign con- 
stituents. Ajnmonium nitrate, which is a main product of the 
synthetic methods, is unsuitable for delivery in (piantities, on account 
of its hj^groscopic* cliaraeter. Apart from other incidental dis- 
advantages, briquetted material, although it may be of industrial 
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use, is less suitable for agricultural purposes, as it would be necessary 
to disintegrate it before use. The more modern mixed fertilisers, 
more particularly potassium ammoiiimn nitrate and ammonium 
sulpho-nitrate, which are ])roduced by combining ammonium 
iiifrate witli potash salts or ammonium sul 2 )hate, are not hygroscopic, 
and do not ])ossess the explosive character of pure ammonium nitrate. 
The admixture with ammonium nitrate of potasli salts, bonemeal, 
gy 2 )sum, or j)ow(lc‘red liiiK^stone offers a double advantage ; it not 
only ensures the addition to the soil of a further f(‘rti]ising element 
other tJjan nitrogen, but also reduces the nitrogen contents of pure 
ammonium nitrate, wliicii are rather higli, to the usual standard of 
a])out 20 2 )er cent. Mixtures of common salt witii ammonium 
nitrate are ])ossil)ly less to be recommended. Sinc(» the end of 1920 
pure ammonium nitrate has been struck off tbe list of fertilisers, and 
may no longc'r be dealt witli as such. 

Apart from chemical and othe^r technical considerations, the com- 
position of mixed fertilisers is guidiHl, on the one hand, by the desira- 
bility of avoiding too iiigh a percentage of nitrogen, and, on the other 
hand, of maintaining it at a sufficient height to ensures favourable 
transport conditions. The fanner bases his suj)])os(h 1 fertiliser 
requirements on the older b^tilisers, (^liik' nitrato, ammonium 
sulphate, or cyanamide. Therefore, the new fertilisers must, to 
some extent, convspoiid in nitrogen contents with these. On the 
other hand, the higher the nitrogen content the lovTr are the jier- 
centag(* freight charges. Allowing for both these considerations, 
ammonium sul})ho-nitrate may. perhaps, hv (*onsid(*red as the most 
favoural>le mixed fertiliser at present availabl(\ Tlu* fertilising 
cfl'ect of ammonium nitrate is very favourable, in so far as the 
nitrate nitrogen is rapidly assimilated whilst the ammoniacal 
nitrogen acts more slowly and over a longer period. On the other 
hand, the excessive solubility in watcjj is a disail vantage, as the salt 
is washed out of the soil by rain before it has been aJ)le to exercise 
any fertilising action ; this solubility is slightly reduced by the 
addition of |jotash salts, ammonium sulphate', etc. The percentage 
of nitrog{en in ammonium nitrate, which is more than double that in 
Chile nitrate, led th#^ fiwaiKu*, unconsciously, to over-fertilise his fields, 
very often witli very serious consequences. These facts led to the 
production of mixed fertilisers, of^whicdi j)otassium ammonium 
nitrate, es 2 )ecially, is referred to in the trade as mixed salt.” 
Ammonium chloride is produced by the B.A.S.F. by the Solvay 
process, but has not yet been sold in largo quantities. J^roj)aganda 
for these new fertilisers is carried on by the advisory stations already 
mentioned, controlled by the B.A.S.F., in Cassel, Munich, Ludwigs- 
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hafen, etc. Sodium ammonium nitrate is produced by the inter- 
action of ammonium nitrate and sodium chloride ; half of its nitrogen 
is present in the form of arnfnonium chloride and the other half in the 
form of sodium nitrate. Potassium ammonium nitrate is obtained 
by the interaction of potassium chloride and ammonium nitrate, ajnd 
contains 23 to 25 per cent, of potash. 

It is uiinecessary to explain here how the fact that the natural 
return of the nitrogen from tlie plant to the soil, in tlie form of manure, 
no longer occurs to a sufficient extent when the soil is intensively 
cultivated, led to the d(^veloj)ment of Liebig’s teaching in practice.^ 
It will suffice to reproduce the figures of Bueb ^ on the increase of the 
crop per ton of nitrogen, which is introduced into the soil in the form 
of fcTtiJiser. Per ton of nitrogen, the increases are : — 

IS tons of wheat grain I- 40 tons of wheat straw. 

24 tons of harJey grain I- 30 tons of barley straw. 

2-4 tons of oat grain |- 34 tons of oat straw. 

120 tons of potatoes + 40 tons of potato foliage^. 

150 tons of sugar beet + 100 tons of sugar beet foliage. 

240 tons of fodder turnij) 70 tons of fodder turnip foliage. 

N. (Viro also c;ame to tlic conclusion that each ton of nitrogen 
increases the yield of grain by at least 20 tons, and that of potatoes 
by at least- 100 tons/^ and tliat an increase in the German production 
of nitrogenous fcTtilisc^i’s is, therefore, a primary necessity for the 
German nation. The following small table shows how badly German 
agriculture was su})plied with fertilisers.^ The deliveries in tons 
were ; — • 

N. P,0,. K,0. 

May 1st, 1013, to April 30tli, 1914 . 210,000 630,000 557,450 

(And, in addition, 40,(H)() tons of nitrogen for industrial purposes.) 
May 1st, 1917, to April 30th, 1918 . 92,331 325,800 7714000 

May 1st, 1918, to April 30th, 1919 . 115,000 230,000 670,000 

May 1st, 1919, to April 30th, 1920 . 158,000 147,000 756,000 

May 1st, 1920, to October 3l?it, 1920 83,000 100,700 202,000 

In these circumstances, the* serious position of agriculture, which 
was repeatedly descril^c^d in gloomy terms at the annual gatherings 
of the German Agricultural Society, is only too easily understood.® 
Now that the nitrogen industry has developed so satisfactorily that 
normal deliveries may be anticipated, fur flier* de\idopments are 
eridan^ifered by the prospect t>f excessive prices. At the eighty- 
eighth meeting of tfie Fertiliser (Kainite)* Section of the German 

^ Schweiz, A ixith-Zlg., 57 , 091 ; Die Tcchnik /. d. Lamfwirischafly 1920, part 5, pp. 200 
et st'q. 

“ iiOth Jahrp.sr(?.s. des dndsrh. Vi r. von. m. 25-20, September, 

1919; (Vjrm. 1919,^)! 712. 

® V^OHS, Zlg. AbendhUtt, 11 Dec-., 1919; B. Z. am MttUuj, 72 , April 2nd, 1919. 

^ Zvilsch. f. angew. 1919, ii., 300; 1920, ii., 410; IJmschau, 1919, p. 167. 

® Chem, Ztg.f 1919, pp. 101, 252; Zcitsch. f. angew. Chem.t 1919, ii., 158. 
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Agriciiltural Society, at Berliu. on February I9th, 1910, Professor 
Lenunerinann, of Berlin, refK)rte(l as follows : * “ About 75 per cent, 
of GfTinan agricultural land is held by small and iiK'dium -sized holders, 
and was insnffieiently sup])lied with nitrogen, especially before the 
W.‘ir. This section of the agriculturalists will only be induced to 
utilise a])pr(‘eiably larg('r quantities of nitrogen if its ])ri(;e is reduced. 
All considerations with n^gard to profits on the manufacture at the 
works must remain a sec^ondary consideration. It is also necessary 
that e\'anajiiid(" should be siqqdied iTi a more readily utilisable 
form than IxToiv* the War.*’ Such exjuTts as Professor N. (-aro 
and the Undc'r St*eretary of State, I). Kriedr. Edler v. Braun, ^ 
have shown tlnit domestic agriculture can no longer utilise 
the hoiTK' su])ply of fertilisers at their present ])i‘ices, and that 
the importation of such fbr(*ign fertilisers as '(liile nitrate, whiedi 
oecurred in th(‘ s])ring of 1920. must have still more* deleterious efTeeds 
in this direction. 

The further d('V(‘loj)m(‘nt of the" nitrogem ijulustry must be strongly 
infliiene(‘d by this pe)sition, though otlua wise' its pj’osj)e(*ts must be 
considered favourable', in vie'w of the gemeral shortage of nitrogen ; ne) 
e)ver-])roduetion of nitrogen is to be feaire'd for the jresemt. An 
artie*le by Edward John Bussell, emtitleal *’ Artificial Fertilisers and 
theii’ Ijiimeeliate* anel Future lh’os]>ects.“ is e)f s])e'eial interest.^ 
Biisse'll tabulat(‘s the epiantitie\s e)f fertilisers use'd in the ])rineipal 
consuming e*ountri(‘s ; expresseel in hunelrealwe'ights e>f 50 kg. of 
nitroge'ii ])e'r lu'e tare, they are 

Total 

Artificial 



Xitroircii 

t'ei 1 ilisiM’M 

Be'lgium 

1 • i 9 

5-38 

Luxemburg 

OlfiS 

4-05 

(k*rnian\^ 

0-44 

5-:n 

(h'e'at Britoiii. 

0-40 

1-78 

Italy . 

0-074 

1-19 

hVane-e' 

0-047 

M:f3 

Denmark 

• 0-20 

1 • 1 3(> 


From these figure's it is ejuite ek'ar how very cajiable' e)f extension is 
the use of nitroge'nous fertilise'rs in (le'rmany. We' e^annot, of course, 
considc'r the' subje'ct ob agricult ural chemistry in eletail in this we>rk, 
but may refe'r to the much-e*ite‘d cemelusieins ej the English chemist, 
iSir William Froeike's. (.Voeike's e'Xjiande'd his first lee'Jure to a cem- 
siderable treatise, entitled “ The Wheat IVeible'in ” (1899), in 
which the' im])ortant functiem of nitreigen in ermneeitiem with fejod 
sup])lies is elese rifie'el at length. The fertilising value of the various 

' rh(m. 1910, p. IGl. 

2 Jhtrf., 1920, p. 8S. 

» ./. Soc. rheni. 36, 250-2G1 (1917). 
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fertilisers varies, of course, considerably. According to the investi- 
gations of Gerlach, of Bromberg, for example, the elliciiuicy of the 
nitrogc‘n in ammonium sulplwite, is on the average, only 89 ])er cent., 
and of that in cyanamide only 70 per cent, of the etUcieney of the 
nitrogen in (^hile nitrate.^ Tt must, however, be remembered that 
the action of cyanamide (‘oiitinues until the n(\\t harvest. 'J'he (pies- 
tions circulated l)y the German Agricultural Society resulted in an 
exju'ession of o])inion wliieh was, on the whole, satisfactory as to the 
elliciency of cyanamide. Tin* diftu'ulticvs of aj)])lying this fertiliser 
hav(' not y(‘t lu'cn fully overcome. The* ([uality containing mineral 
oil has an (Hj[ual fertilisiiig value, but the improv(‘ment comj)rised in 
absence of dustiness diminishes after a short time. (Jood drilling 
machinery is to Ix' recommended, as is also admixture* with basic slag 
or w ith potash salts^ immediately before a])])licaf ion. (h‘anulat(*d 
cya]iamid(‘ has a lower f(*rtilising value. It is ifuportant that 
(*yanamid(‘ should be aj)ph(‘d to the soil at least two to thrc'e weeks 
before the* cro]) is sown, in order to afford the* nitrogem an opportunity 
of b(‘ing conv(‘rted into ammonia, and into nitrate. \Vh(‘n useul as a 
to]) dressing for w intc'r cr(>])s, cyanamide must, bt* a])j)Iied as early as 
2 )ossibl(‘. in January or Fc'bruary, and may be us(‘d ev('n during light 
frosts. The* usual dressing is 2 to i ewts. ])(T hect.in* ; it has ' red 
satisfactory, more esj)ec*ially as an autumn manun* for wh(*at, but 
can also In* used for barley, as it acts lc‘ss intcuisivcJy than nitrate^ and 
consc'Cjuently j)roducc‘s a brewcTs* barlc'V containing less albumen. 
In some cas(‘s it is as cllVctive as nitrate. It acts Jiiost favourably on 
good mcHlium soil, wluTcas it is less satisfactory on sandy, jnouldy, 
or ])eaty soil.- 

The nitrogen in ammonium sulphate must also be c*.onverted into 
nitrate* nitrogc'n by the action ot nitrifying bactcu'ia in the* 4^oil, 
betore it can be assimilatcHl by the ])lant. In gc*JicTal, the* j)Iant only 
assimilates nitrate nitrogem. ^It is true that ammoniacal nitrogem 
can be* absorbed directly In* the root, but it suihu’s Irom the* dis- 
advantage that it is absorbed by the ])articlc*s of soil and hurnus, 
whereas nitrate nitrogen is always frecty mobile in solution in the 
soil wa.tc‘r, and is carried by this latter to the* root of the iilaflt. J his 
fact explains the extraordinarily rapid adijon^of nitrate, which 
causes meadow^ grass to shoot up luxuriously, and filso leads to a 
greatly inc*reased output of foliage and straw' in the case of other 
agricadtural products. Nitrate nitrogen is gc‘nc‘rally usc‘cl where the 
grow'th of the j)lant is to Ik* accc*lerated— for exam])le, as a dressing 

^ Chrm. 1915, JT* 7cU. 

“ See M<)Iler and Seidler, o!i artificial lertiiisera (“ Kiiustliehe Diiiigeimttel ), in Ull- 
manii’s Encyeloptedia,” vol. iv., pp. 223 f t mq. 
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for winter wheat. Turnips give a very good return for the use of 
nitrate, hut, on the other hand, barley does not assimilate nitrogen 
well, and the potato is very sensitive to fertilisation by nitrate. 
Large additions of nitrate easily cause wheat to lodge. 

The effect of ammonium sulphate will naturally be most satis- 
factory whcTo tlie soil and other conditions — such as air, water, 
moisture, bacteria and lime — are favourable to its conversion into 
nitrate nitrogen. It is, therefore, far more suitable for humid, well 
aerated, warm soil, with a medium content of moisture and lime, 
than for cold, very wet soil containing but little humus and lime. 
Manuring with ammonium sulphate does not j^roduce the luxurious 
growth which is obtaineel with nitrate, but, on tlie other hand, pro- 
duc(\s firmer and more ap])etising crops, containing less moisture, 
qualities wliich are very advantageous for the growth of vegetables. 
It is also more firnil 3 " held l)y the soil, and it is not so readily washed 
out as Clhle nitrate. Acid, peaty soils are entirely unsuitable for 
ammonium sulphate, whieli, however, is })artieularJv recommended 
for loamy and sandy soils and also for very ])ermeable sandy soil. 
Winter crops are giv(‘n the following quantities in autumn before 
the sow'ing - 

lJ)s. j)er rod. 

Winter w'lieat .... 15 to 80 

Winter baric}" . . . . 10 ,, 25 

Winter rye, . . . . 15 ,, 85 

Winter ra])e . . . . 25 ,, 40 

As early as possible in February or March the nmiainder is 
applied as a toj) dressing, which may evtm l)e ap])lied over a light 
covering of snow^ in the following amounts : — 

U)s. per rod 

« Winter wheat .... 85 to 05 

Winter l)arlev . . . 25 ,, 40 

Winter rye. .... 25 ,, 05 

Winter rape . . \ . . 55 ,, 85 

For manuring summer root and grain ero})s ammonium sulphate is 
applied at latest when sowing. The amounts required in pounds 
per rod Sire : — 


SuinmCi’ bMey 

85 to 75 

Oats . . . . 

50 ,,100 . 

Fodder turnips 

. *150 „ 250 

Sugar beet 

. 125 „ 200 

Potatoes .... 

. 100 ,, 150 

Meadow"s and grazing land 

50 „ 125 

The action of the newer fertilisers 

may be 'gathered from the 

peculiarities of the action of nitrate and 

ammonia nitrogen. In the 
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case of ammonium nitrate the nitrate nitrogen acts at once and the 
ammonia nitrogen more slowly, so that this fertiliser offers a pecu- 
liarly useful combination. J^ertiliser trials with calcium ammonium 
nitrate, which were communicated by Professor Hoffmann in the Pro- 
ceedings of the German Agricultural 8t)eiety, gave favouraljie 
results, but the inclination is noted for tliis fertiliser to beci)me hard 
and to form lumps. ^ 

The fertiJisation of forest land has recently bec'ome more impor- 
tant, but can only be shortly referred to here. Oak plantations 
require, jkt hectare, 1,000 to 1,000 kg. of kainite, 1,000 to IJGOO kg. 
of basic slag, and 100 to 200 kg. of Ghile nitrate.^ 

According to Ost, average crops annually remove the following 
amounts of fertilising elements in kilograms per hectare : — 



P.O, 

N 

K,0 

Bye . * . 

. 25 

05 

50 

Sugar beet 

. 35 

GO 

150 

Potatoes . 

. 30 

95 

100 

Kay 

. 35 

95 

100 


These amounts should be replacf‘d in any rational scheme by manur- 
ing. The general introduction of artificial fertilisers and the inten- 
sive cultivation of the soil has led to very satisfactory increases in 
the yield, as is shown by the following table : — 


Average IlarreM in (Hermany hi Tom per Hectare 











1 



niii}' of 
the null 

1H79- 

8o. 

IHKt- 

8S 



1899* 

190.J 

1901- 

08 

191 1 

1 1912. 

i9i:t 


Century 








1 . 


Wheat, . 

1-028 

1-20 

I 

1-39 

1 51 

1 87 

1-98 

2-08 

2-20 

2 35 

Rye 

(»-S()2 

0-93 

1-00 

l-()5 

119 

I 50 

m;3 , 

1-78 

, i-8(; 

1 1-92 

Garl('v • 

0800 

1-29 

1-30 

1 31 

1 -43 

1 -85 

1-89 ; 

; 

2-19 

1 i;-22 

Oats 

0-504 

1-09 

118 

1-15 

1 31 

1 74 

1 82 

1-78 

1 -95 

1 2-19 

Rotatues 


8-00 


-- 

— 


i 

10-35 

15-30 

i 

1 15-80 

i 


f 


By contrast we hav(^ the lamewtable picture of the decrease in German 
harvests, without Alsace-Lorraine, in millions of tons since 1913 : — 


* 


. 

i9iy. 

1914 

i9r». 

1910 

1917 

1918 

1919. « 

1920. 

«y<- ■ 

12-5 

10-2 

9-1 

9 0 

7-0 ^ 

^■0 

; 0-1 

4-2 

W heat . ; 

4-4 

3-8 

3 75 

3 0 

2-2 

2-4 

2 17 

2 2 

Barley * . , 

3-5 

3-0 1 

2-5 1 

» 2-3 

2-0 

2-2 

1-9 

1-7 

Potatoes . 1 

52-8 

1 4t-7 1 

52-3 

24-0 

34-4 

29 4 

21-5 

28-2 

fcSugar beet . 

1 

20-() 

10-8 

10-9 

101 

9-9 

9-8 

5-82 

7-9 


^ Soe Zeitsrk. f. attgfw Chfm., 1918, iii., 488, 489. 

^ Pumplilet, “ Kuiistlifke Dunguni; im Forstb«jtiicbe ” ; see also Forstwirtschaftl. 
Zentralbl., 1900; Schalls*, Duttgc vent ache in Fonttgarlcn , JJcutsch. Holzmarkt. u. 
Forstanzeiger, June 30Ui, 1920, No. 53. 

* Ullmann’a “ Ericyfloptodia,” loc. cil. 
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Valuable statistics are giviui in tlu* pani])hlet Grossinaiin-Bneb v. 
Fliigge, Diingeiuit tol iin Kriege ” (“ Fertiliseis in the War ”) (/?ci/m( 7 e 
zur Kricf/sivirfsrhaJL part Vi, Berlin, 1 ' 017 ). These show, incident- 
ally, that th(‘ annual Joss of nitrojj^en caus(‘d by unsuitable storage 
and inellicient use of li(|uid farmyard inaniirc' wns ('stimat(‘d to attain 
the value of .‘U)(),0(K),0()() marks (1017). 'i'hcTeforc thc^ att('m])ls of 
M. Holfmann. W. Gerlach and others, to discover a suital)le method 
of ])res(u*ving tins material arc* of very great (‘conomie im])ortancc. 
It contains on the* av(‘ragc : - 



N 

li'U T.f's 

[ Ixt; lv;>() 

ivH e 

... K'*; e)tKan 
, Sul)st 

1,000 of fjcsli slal)l(‘ nuniure 

4 .7 

1 -J (» 

1 0-0 1 

! 4 ;7 

210 

1,000 kif. of ftv.sli Injunl iiimiiiio 

1 .7 fo 2 ;7 

j e) 1 i .7-5 

0-3 

SO 


Wi* cannot heuv considcT the numerous s])(‘cial fertilisers- such 
as l>acterial manures, chrysalis manure*, artiJicial f(‘rtilis(*rs from wool 
refuse*, lime, gypsum, ete*. (sea* (livtn, Zf(j., 1010, 132, and Tonlud.- 
Zffj., 101 <S, .730), some of which only at t aim'd momentary im])ortance. 
We must I'cfeT, howe‘\(‘r. to the e'xtraordinarily im])ortant and 
intere'sting e‘XjK*rimenls on fei*ti lisa lion with c'arbon dioxide', blast 
furnace* gas. engine fue*l gase*s. anel se) iorth. which all represent 
attempts to utilise tlie* cne'rgy of ce)aJ more* e'om ple'te'ly.^ 

Seune* of ]ny re'aele'rs niay ce)nside*r that I am not justified in e'e)n- 
sielering in sucheletail the agrie*ultural e*he‘mie*al anel feu'tiliser as])ee*ts 
of the nitroge'n industry ; but this be)ok is pi’imarily inteneleel fe)r 
tliose t*ngage‘d in the* imlustry, ame>ng whom tlu're* are se) many 
WTe)ng conce'ptions on tlie'se^ matte*rs that, it se'e‘meel a.el\'isable‘ that I 
shoulel cemsieleT the'm. I have emboelie*el the'in in the histe)ric-al 
seedie)!! of this work, as the'yare e*le)sely e*onne‘cte‘el watJi the* eleve*Iop- 
ment e)f the* ge'UCTal situation in GcTmany. anel must be taken into 
account in ce)nside*ring the* future o^ the inelustry in that cemntry. 
Tn this re*sj)e'ct the i>.A S.K. have stV an aelmirable e*xainpl('. As 
was anne)une*e*el by l>ose*h, at the annual gathe*ring in lOlH of the 
Halle'sclie Ve*rbanel fiir die* Frforschung eU'r *l\ritle*Iele‘utschen lie)de'n- 
scliiitze* unel ihre* \'e‘rvve*rtung.^ it e'stablisheel its e)wii agricultural 
e*x|)e‘rimental staCie>n* fe)r e*xpe*rimenting Avith the* new fertiJise'rs ; 
this ine*lude\s*al)e)ut 1.000 cxj)e*rime*ntal ])le)ts anel 40 roels e)f trial 
])le)ts. The* e*()mj)any has alse) arrangeel fe)r large* fie'ld trials e)n a more 
exteneU'd scale. 

^ S(‘r C/ttni. pp. 41!) rl .vf^. , Mitt. it. D. idsr/i. Lnixlir. f/rs., pp. 427, 

4,71, n;7, «‘<c. ; Siahl It. Et-stn, 1!)1!). p. 1 t!)7 ; F ni,srhf^n, 1!)!!), p. S!)!) ; 1920, p. 
20.7; Di< Tichuih i. <(. Lahdtnrfsrh., 1!»2(), pp. 101. lO^T-lSO e7/rm. Zfg., 1920, p. 247 ; 
Z(fts(h f. angi it\ (dirni., 1920, ii., 224. 

“ Ztit^rh. f. aiKjf'U'. (.'him., 1918, in., 053. 
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The rapid development of tlie atmospheric nitrogen industry is 
not the least of the factors which have caused the erection of large 
power stations which more pal-ticularly starve the factories using the 
arc and cyanamide ])ro(H\sses. The synt]i(‘sis of nitrogen com])ounds 
is primarily based on water power in ll])|)er Bavaria and on the* 
presence of cheap lignite deposits in the Cologne basin and in- Central 
Germany. The production of lignite in GiTinany has developed on 
an enormous scale. Wlu^reas the ])roducti(m of coal in G(u*many 
increased from 127-S million tons in Jiumto 1 <)2, 000, 000 tons in 1913, 
that is, by about 52 ])er cent. (7 ])er cent. ])er annum), the production 
of lignite* during the same period incn*ased from 47-9 to S7-1 million 
tons, that is, by 75 ])er c-eMit. (by 10 per cent, annually). Whereas 
the coal production in 1919, which was ll()-5 million tons, was con- 
sid(*rably smaller thgn the ])ea(*e-tim(‘ ])rodiietion, which was 
192,000.000 tons in 1913, the output of lignite has very greatly 
increast'd ; it was S7-1 million tons in 1913, 100*() million tons in 
1918, and 93*8 million tons in 1919. Tin* (Vntrai German district, 
w4iich inclu(h*s the districts around Cassel and Halh*, Altenburg, 
Magd(‘burg, Niederlausitz, Brankfurt-a.-() , Forst and Gorlitz, con- 
tributes about three-([uarters of tlx* total output ; — 


Lignite Prodnvtion in, Thousand Tons 


013 

— 


(JOJIIMIIN 

87,1 1() 

lUnn'‘lancl 

20,250 

Miiiinjj District 
of Halle a/s 

4(),502 

1914 



83.94^ 

19,480 

45,151 

1915 



88,370 

20,788 

47,718 

191(> 



94,332 

23,931 

50,094 

1917 



95,535 

21,218 

51.059 

1918 



100,003 

20,400 

53,220 * 

1919 



93,800 

24,380 

()5,543 

1920 



1 ^1,031 

30,884 

54.090 

1913 

Lignite 

BrigueUe 

Production in 

(IcriiiaiiN ' 

21,392 

Thoimuid '1 

I’liiuolaiid 

• • 

5,825 

'ons 

J )isti let Halt’, 

a; 8 

- 11,238 

1914 

m 


21,272 ; 

5.444 

1 1,312 

1915 


■■ 

22,748 

;V()50 

12,51 1 

1910 



24,001 1 

0.121 

13,018 

1917 



22,048 

5,702 

12,053 

1918 



23,111 ! 

r),014 

12,202 

1919 


1 

'1 

24,281 

5,040 

13,339 

1920 



24,277 

O.Glil 

i 12,204 


I 
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This table ^ shows the influence of the large plant at Golpa- 
Zschornewitz (nupplying the nitrogen works at Piesteritz), Leuna, 
etc., in augmenting the output of lignite in Central Germany, which 
will probably amount to 70,000,000 tons of crude lignite and 14*5 
jnillion tons of briquettes in 1920 and employ 130,000 workpeople ; 
in 1919, 98,600 were employed. The profit on lignite production 
has, unfortunately, become smaller tlian ever.^ The production 
figures per head })er shift were as follows (in the Rhineland, 20,000 
to 25,000 men were emj)loyed in 1919): — 


Contral Gernlan 3 ^ Khiiiolaiid. 



Tons of Lignite. 

Tons of 
nriquettep. 

1 Tons of Lignite. 

1914 .... 

’ 4-70 

•1-50 

i 15-69 

1918 (third quarter) 

1 j 

— 

25-62 

1918 (fourth quartfu*) . 


— 

1 1 7-29 

1919 (first quarter) 

2*2 

0-46 

! 11-67 

1919 (seeond quarter) . 

— 

— 

1 12-48 

1920 .... 

1-8 

0-37 

1 


The average wages pov shift in CVntral Germany were about 4-50 
marks in 1914, and in the Rhineland 4*38 marks (communication 
from the Association of the Rhenish Lignite Industry at Cologne). 
In the second quarter of 1919 they were 15-30 marks, and to-day 
they have risen in the Central German lignite fields to about 36 marks. 
In peace-time the sak* ])rice pet* t(>!i of crude lignite was 2-50 marks ; 
to-day it is 66 marks, of which about 50 marks remain for the pro- 
ducer, aftcT deducting the coal tax. the contributions to miners’ 
homes and t(^ the supi:)ly of food and the discounts. According to 
tlic accounts of fourteen of the most imi)ortant German companies, 
wliich together ])roduced 70 per cent, of the lignite i)roduction in 
these districts, the profits per ton df lignite were : — 



JMarks. 


Marks. 

1913 

. 0-44 

19U 

. 0-56 

1914 

1915 

. 0-40 
. 0-41 

1918 

. 0-51 

1916 

, . . 0-51 

1919 

. 0-51 


In 1913-14 these profits amounted, to 17 per cent, of the S4ile price, 
but in 1919 to only 1* per cent. The position of lignite mining in 
Central Germany is rendered still more unfortunate when one con- 
siders the risk of flooding or fire, and also that the deposits in Central 
Germany proper will j)robably be exhausted 50 to 100 years. As 

1 Zeitsch. /. mtgew. (hcm.y 1920, ii., 142 ; MeialWonsef 1921, p. 306. 

“ Zeitsch, f. anyew. Chem.f 1920, ii., 267. 
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the nitrogen fixation interests are closely concerned in the future of 
Central German lignite mining through their two large undertakings 
at Piesteritz, neai^Wittenberg*a.-E., and at Leuna, near Merseburg, 
their future appears to be in no way a happy one. 

For a very short time the railway power station, Muldenstein,^ 
on the Bitterfeld-Wittenberg line, supplied the neighbouring nitric 
acid plants ; the large jjower station of Golpa-Zschornewitz then 
became the centre of electric supj)ly for the nitrogen fixation industry. 
At present the Golpa-Zschornewitz establishment is the largest 
complete steam power station in the world. It was described by 
Artur Fiirst in two articles in the Berliner Tageblatt^ Nos. 573 and 
581, on November 8th and 12th, 1916. The Elektrowerke A.G. 
(Berlin) were founded in 1914—15 as a branch of the Berliner Elek- 
trizitatS'Werke A.G., ^which belong to the A.E.G. The initial 
capital of the company was 5,000,000 marks ; it took over the Golpa- 
Jessnitz lignite works and commenced the ('lection of a power station 
in March, 1915 ; this was carried out so rapidly that current could 
already be supplied on December 1 5th, 1915. During the business 
year 1916-17, 360,769,708 k.w.h. were supplied, namely, 307,387,000 
to the Im2)erial Nitrogen Fixation Works at Piesteriiz, 25 km. 
distant, over a high-kmsion transmission line, and 53,382,709 k.w.h. 
to the neighbouring electric nitric acid works at Zschornewitz, which 
were soon destroyed by an explosion (see j). 65). The transformation 
of a peaceful pine forest to an enormous modern ])ower station was 
carried out with extraordinary rapidity. In this way the successive 
transformations of energy complete their cycle before our eyes ; 
energy in the forjn of sunlight causes the growth of prehistoric 
forests in carboniferous times, and is stored underground for count- 
less centuries in order to reappi^ar in the form of electric energy, 
illustrating the law enunciated by Tlobert Mayer in 1842. Even in 
scientific and technical works large accumulations of figures have a 
tiring effect, but in this case tlvy arc necessary in order to obtain 
a clear idea of the size of this plant, which is so exceptionally 
important for our nitrofjen fixation industry, and impresses the 
thoughtful passer-by with the fact that even modern technoktgy is 
beautiful and poetical when viewed from the right ^standpoint. 

From the lignite quarries at Golpa a double overhead transmission 
line carries trucks of 20 hjcctolitres Capacity to the floor of the crushing 
mill. The cars arc here emptied automatically into bins. The lignite 
is raised by enormous elevators into the bunkers of tlic boiler houses. 
The 4 boiler houses contain 64 boilers, each of oOO sq. m. heating 
surface. At present tile consumption of lignite is 40,000 hectolitres 
that is, about 6,000 tons per day, but this quantity can be increased 
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to 7,000 tons. The flue gases are removed by 9 chimneys about 
100 m. liigh and of about 12 m. internal diameter below, and 4-5 m. 
above. Eight turlK)-dynamos are designed for 22,500 k.v.a. each 
on the dynamo side, and 30,000 h.jx on the turbine side, that 
js, a total of 180,000 k.v.a., or 240,000 h.p. Water, which is 
piimpecj from the sump, is cooled by 1 I condensing towtTs, (vach 
35 m. high, through which 41,000 cu. m. of water may be passed per 
hour. Th(‘ usual output is 100,000 k\v. (see also H. Carl in Voll' mid 
Zeil and the illustrations in VonrdrUs of Se])tembcr 21st, 1919). 
Further ])articulars wall be found in articles by Professor (k Klingen- 
berg, the constructor of tlie plant, in which plans and elevations wall 
also be found. ^ Initially the kilowatt-hour cost only 1 to 1*5 pfg. 
Until th(' commencement of 1921, the city of Berlin paid 19-7 pfg. 
for the first 30,000 k.w.h., and 23-8 j)fg. for cpiantities above that 
amount. 

In August, 1917, the Cerman Government acquired the shares 
of the Ekdvtrowa'i'kc for 45,000,000 marks, by wduch means it com- 
menced its commercial dcailings in electric*- ])ower. Piesteritz was 
suj)])lie(l with three-])hase current at 82,000 volts. After the dis- 
coTitinuance of the electric nitric acid w'orks, the total capacity of the 
station could not l)e utilised by the Government nitrogen works, and 
there‘fore in 1918 a double overhead line, 132 km. lemg. was con- 
structeHl to Berlin to transjuit 30,000 k.w. at 110,000 volts. The 
branch line to Bitterfeld, wdiich w^as constructe*d during the War, 
was extended in 1920 to the Groi)ers I^^wTr Station, near Halle, by 
a comj)any formed by the Government for o]Krating the high voltage 
transmission system and iiame'd the “ Gesellschaft fiir Kraft Liber tra- 
giing (bm.b.H.” Grobers is to be connected with large areas of the 
province of Saxony, and will also supply Lei]}zig with 15,000 kw., 
and Magdeburg in 1922. By the (.*onn(‘ction of the various power 
stations by a I’ing main, the IVovine*e of Saxony wall shortly 
be one' of the most com])lete‘ly ele^e;trified districts of the German 
Empire. In the spring of 1921 the ere'ction of a ninth turbine at 
Goljia w as ])roje‘cted at a cost ed ()0,000,00(T marks. 'Jtie installation 
cost would raise the ])rice of current in Berlin, for example, to an 
average of 42*2 pfg. jjistead of 22-0 ])fg. as previously. 

Since tin* end of 1919, the TmjKrial Treasury has also been in- 
tere'sted in the Lower Silesian ek'ctrical siipply industry, having 
acepiire'd the jiower stations of Lauta-Senf tern berg and S])remberg, 
which supply the aluminium works at Laiita and the carbide works. 
From these stations high-tension transmission lines are to be carried 

' Zinisdi. (L Vn. fi(uts(h. 11U9, pp 1081, 11J.‘1, 1145; and (i. Klingcnbcrg, 

“ Pas Orosskruftwerk Zs^hornc*^\itz." lierlin, 1920. 
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to Dres(l6?n, to Saxony, and also to tlie province of Brandenburg 
and Berlin. The adiliinistration of these undertakings is allotted to 
affiliated companies, which are grouped together in the Inrlustrial 
Division of the Impe^rial Treasury already referred to. 

Similar enormous power stations have also been erected in the 
Rhineland lignite district not far from (lologne, more particularly 
the Vorgebirgs Power Station of the Rheinische Elektrizitat-swerke 
in Knapsack, near Cologne^, near whic^li the Rheinische Elektrowerke 
has erected tbe Golden berg Works, comprising larg(‘ furnaces for the 
production of ferro-alloys. Tlie Knapsack Works of the Gesellschaft 
fiir Sticksto ff (lunger adjcjin the Rheinisehen Elektrizitatswerke. 

The Leuna Works also utilise current from lignite and so, to some 
extent, do the works at ()])pau, whilst the nitrogen works at Chorzow 
in LT])])(T Silesia are ^supplied by the power station of the Ober- 
schlesischen- Elektrizitatswerke, w^hich us(\s ordinary coal. 

Tlie following table gives the approximate cost of power before 
the War. 1 kw'. then cost : — 

In Central Germany, 

etc., fro7n lignite . 1*0 to 1*5 ])fg. (1-h.]). year, about 70 to 100 

marks). 

In Uj)]K^r Bavaria, 

from wat(T powcT 0*75 to 1*0 pfg. (1-h.p. yc'ar, about 70 marks). 
In Sw"(Hlen . . O-O pfg. (1 k.w. y(-‘ar, about oO kr ') 

In South Norway . 0*11 f)fg. (1-h.p. year, about 20 marks). 

The pr(‘sent pricH' in Germany of 1 k.w. h. from coal is about 15 to 
20 times the former pric(‘. Now that high-tension mains traverse 
the whole (country ' and enormous pow(T stations, numerous 
transfornuT houses and towers form a distinct feature in certain 
districts, the desire for juore suitable and k\ss disturbing arrangements 
of these technical works re(-*(UV(^s increasing attention.'^ The 
attempts to socialise the ek'ctric su])ply industry have also had a 
prejudi(?ial effect on the nitrogen industry. 

Jt was necessary, in order to ensure the continued existeiu’c of the 
earliest methods of lixwig atmospheric nitrogen, that ele(dric tech 
nology should be gr(‘atly improved, more particularly that^ of the 
dynamos and of th(' electric furnaces.'^ During the War the produc- 
tion of carbon electrod(\s for the latter develo])e(r inty a flourishing 
industry ; (Siemens Brotlun’s, at^Berlin — Lichtenberg ; Plania Works, 
at Ratibor ’in Upi)er Silesia ; Gesellschaft •fiir Teerverwertung, at 
Duisburg-Meiderich and Rauxel ; C. Conradty, at Niirnbt rg, and at 

^ Chrvi. Zfg., 1918, p. 255. 

- VV. rVanz, “ W'iifu' Her Technik im Laudschaftsbild/’ Borliii, 1917. 

^ sudd. ind. Jihitt, 1919, p. 1991. 

4 Chem. ZUj., 1918, p. 507 ; Chvm. Ztutralbl, 1919, iv., 530, 1038, 1039. 
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Kolbermoor, near Aibling ; and also the new Rheinische Elektroden- 
fabrik, which belongs to the Siemens-Stinnes group, at Knapsack, 
near Cologne). 

Obviously, the utilisation of water power played a considerable 
part in the technology of atmospheric nitrogen on account of the large 
quantities of energy required. The cyanamide works at Trostberg 
and Waldshut, and the works at Rhina, at the confluence of the 
Murg with the Upp(T Rhine, all utilise water power. W. Halbfass 
gives detailed data on the w^ater ])owers of Germany, the total of 
which is quite considerable, though they in no way compare with the 
potential water powers of other states. According to Halbfass, the 
total water powers in Germany amount to about 1 1 *4 million horse- 
power. In Bavaria, about 20 j)er cent, of the available horse-power 
could readily be exi)loited, and 30 to 40 per cent, in the rest of Ger- 
many, amounting together to about 4,000,000 h.p.^ In Germany, 
in 1910, less than 5 per cent, of the total mechanical power was pro- 
duced by wate^r i)ow'er, whilst in France the proportion was already 
40 per cent. According to the latest view^s, it is possible to exploit 
larger amounts of w^at(T poAver in Germany than was h^rmerly sup- 
posed. About 470 cu. km. of waiter arc available. Of this quan- 
tity about 20 eu. km. are flow'ing water, a))out 50 eu. km. represent 
standing Avater, and the enormous remainder of 400 cu. km. is 
present as soil AAaitcr. A])art from the numerous water power 
associations whicli are concerned with comparatively limited areas, 
the control and utilisation of German Avater power is mainly carried 
out by the Wasserkraft G.m.b.H , of Berlin, and the Deutsche 
Wasscrkraftverband, of Berli n-(3iarlottenburg. ^ 

The development of the large 2 )ower resources of the U 2 )per Rhine 
and of Bavaria is particularly imj)ortant.^ The question of the Alz 
especially concerns tlie nitrogen industry and will, therefore, be 
considc^red in somewhat great ct detail ^ The Alz is the northern out- 
let of th(' (3iiem Lake, and is really the northern continuation of the 
Tiroler Ache, wdjich flows into the south side of the Chiem Lake. 
The Chiem Lake is very large, having an aVea of 80 sq. km., and 
forms ttn ideal storage for rc^gulating the flow of the Alz, which is 
very irregular. nnfortunately nothing whatever has so far been 
done to regulate this river. According to thi» height of the water, the 
Alz carries from 15 to 225 cu. m. ot w^ater per second. At Alten- 

^ W(h9fifr, 13, 115 et scq. (1917); Znlsch.f. nngt'w. ('hrm., 1918, iii., 142; Sildd. Ind. 
Bhit, 1919, p. 247 ; Koclm, Zriisdt. f, d. (jes. Wasscrwtrlfith^ 1919, p. 177. 

2 ZeHs(h,. f. avgew. Chf’7n.t 1919, ii.. Ill ; ('hew,. Ztg.y 1919, p. 187 ; Die Teclimk i. d. 
Lavdunrti<(h, 1920, pp. 372, 373 ; sec also Biiiz, Loppla and tSghwappach, W^aldbestande 
und W^asserkrafte,” llrimBwick, 1917. ‘ 

® H. Drdso, “ Die AnRiiulzAing der Wasserkrafte dey Oberrheiris,” Karlsruhe, 1919. 

^ Sudd. Ind. Blatl, 1920, p. 839. 
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markt, 70 km. north of the Chiem Lake, the Traun joins the Alz and 
increases its irregularity. Apart from floods, and a few very occa- 
sional droughts during heavy frost, the average flow of the Alz at 
low water is 25 cu. m. per second ; during a portion of the year, 
40 cu. m. can be relied on, and 60 cu. m. per second for about six 
months. Immediately north of Altenmarkt is Trostberg, where the 
Bayrischen Ktickstoffwerke established their works in 1908 ; 

10.000 h.p. are here su 2 >i)lied by two falls of 5 and 19 m., in which 

the flow is 50 cu. m. per second. From the lower end of these falls at 
Tacherting to the Salzach at Burghausen, which enters about 6 km. 
east of the Alz, there is a natural fall of about 100 m. The j)lan was 
considered long ago of exi^loiting this fall by diverting the Alz into 
the Salzach at Burgliausen, as in this way a water power of 60,000 h.p. 
would 1)0 obtained during six months, and 25,000 h.p. at low water. 
Unfortunately, the financial obstacles to this large scheme were in- 
surmountable, so tliat tlie develo 2 )ment is now being carried out in 
two stages. The uiiper stage, from Tacherting to Margarethenberg, 
has a fall of 37 ni., and the lower, from Margarethenberg on the Alz, 
to Burghausen On the Salzach, 63 ni. The latter project is bedng 
carried out l)y the i)r. Alexander Wacker-Gesellschaft fiir elektro- 
cheniische Industrie in conjunction with the Imperial Treasury,^ 
under the name of Alzwerke G.m.l).H., Burghausen, and supjdies 
60 cu. m. of water ])er second and aj)proximate]y 38,000 effective 
horse-power, whi(.*li is to ])e utilised for the i^roduction of calcium 
carbide, which is in turn intended for tlie 2 )roduction of alcohol, 
acetic acid, etc. * 

The developments on the Alz were exjDected to be working by 
1921 at latest. The concession for the Tacherting-Margarethenberg 
power develoiunent w as obtained by the Bayrischen Stickstoffwerl^, 
who began operations in 1916. At tliis 2 )oint the Alz sup 2 )lies about 

22.000 effective horse-power at a flow of 60 cu. m. 2 )er second, and 
about 15,000 effective liorsc-po^er at 40 cu. m. per second at low 
w^ater ; at about 25 cu. in. jier second it sujiplies 9,500 to 10,000 h.p. 
TJie Bayrischen SticlvstoflKverke utilise from the Alz about 33,500 h.p. 
in all. The twT) upper j)ow'er stages — 1. at Trostberg, and 41. at 
Tacherting — have been working since 1908, anc^ th^^ third at Mar- 
garethenberg started w^ork in 1920. Immediately behind the outlet 
of tlie canal for the tail^waters frem jiower station 11., near Tacher- 
ting, there is situated the weir of the canal sifpfilying jiower station 
III. According to K. Martin, of Munich, the current which is 
developed is carried by 6 high-tension cables to 6 Chree-phase trans- 
formers, each of 3,00(1 k.v.a., in which it is stepped down to a 

1 Zeitsch.f. angew. CJiem., 1919, ii., 127 ; Chc7n. Ztg., 1919, p. 270. 
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suitable voltage for the carbide furnaces. The carbide which is 
produced is crushed and carried in special cars on the works railway 
to the cyanamidc works at Trostberg, where all the carbide produced 
at Tacherting and at Hart is nitrogenated. The power station at 
Margarethenberg produces an average of 115,000,000 k.w.h. per year, 
and the new carbide works at Hart produces about 30,000 tons of 
carbide. At Trostberg 9,000 to 10,000 tons of nitrogen can now be 
fixed annually, corres})OJi(ling to about 60,000 tons of cyanamide. 

The works at Margarethenberg and on the Alz are also used for 
supplying the net of transmission lines of the Bavarian overland 



' Frn. 2. 

The nimibcTS indicate distaiKTs in kilometers. 

« 

powcT stations. By its 2 )artici])ation»in the Alz develoinnent in 1918, 
the Government initiated its interests in the develo])m(mt of Bavarian 
water 2 )ow(T. The jtlans for derveloping tlie Lower Isar from Lands- 
hut to the Danube, and of the Lower Jnn, in wdiich the Government 
is ])redominantly i interested, have been 2)Ostponed for the iirescnt 
for financial reasons, but arc still the subject of continuous negotia- 
tions. These ju-ojecis are not only eonnectoil with the future of the 
new aluminium industry, but also wdth the very large scheme of 
trani^fcrring the cyanamide industry, which was dejiendent on 
powder from coal during the War, to this district.^ Detailed negotia- 


Ttdlsch.f. a7igciL\ Chem., 1918, iii., 575. 
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tions have also been carried out by other parties relating to the 
utilisation of the Upper and Middle Inn (communication from the 
Korrespondenz Hoffman, November 2nd and 3rd, 1917). 

On December 9th, 1918, Government works were also started in 
connection with the Walchensee ^ development to exploit the 
Walchensee and Kochelsefe. The principal Bavarian electric power 
stations are to be included in the very large “ Bayern werk ” 
(see Map, Fig. 2), which is to be formed into a joint stock company 
with 100,000,000 marks share capital, and with debentures of 

400.000. 000 marks. 

In March, 1918, O. von Miller submitted his project to the 
Bavarian Landtag, and, after a lengthy consideration and financial 
support by the Imperial Government, this is now being carried out. 
After its completion^ which, it is hoped, will be simultaneous with 
that of the Walchensee station, at the end of 1921, the Bayern werk 
will represent the largest overhead power system in the world. A 
100,000 volt ring main will pass from the Walchensee power station 
at Kochel (wat(‘r-power) through Munich (wate^r-power and steam), 
Fitting (power from the Middle Isar), Landshut (Lower Tsar), Maid- 
hof (lignite pow(‘r-station), Ainberg, Nurnberg (steam power, large 
power-station at Franken), Meitingen (works on the Lech, and steam) 
and Munich back to Kochel. A branch through ArzbfTg (power- 
station using Bohemian lignite) and Hof will connect wjth the elec- 
tricity supply of Saxony ; another branch, with side lines, extends to 
Schweinfurt and Bamberg and the lignite power-station at Dettingen. 
Later the water power-station at Senongau (Lech) is to be linked up 
at Meitingen. At a meeting of the Bavarian Ministry of the Interior 
of December 3rd, 1919, Oskar von Miller stat(id that, in s])ite of 
greatly increased charges (the total constructional costs b»ing 

500.000. 000 marks in the spring of 1921), the cost of power would 
still not exceed 3 to 4 pfg. per kilowatt hour. The main transmission 
system is 1,020 km. long.^ • 

Bavaria disposes of a total of 2,000,000 to 2,500,000 h.p., capable 
of being developed, eqflal to 12,000,000,000 h.p. hours per year, of 
which 200,000 h.p. are already available ; 250,000 arc being hai^iessed, 
and 700,000 h.p. are at the stage of projects o|; negotiations for con- 
cessions. According to a general distribution schenu?, one-quarter 
of the total power, tht^t is, l,50(f, 000,000 k.w.li., are to be supplied to 
works producing raw materials (smelting works, aluminium, carbide, 
nitrogen works, etc.), another quarter to electrification of railways, 
and one-half to be supplied to the various communities. If one 
• 

' sudd. Jnd. Blatt, 1919, p. 2838. 

Techntk u. Wirtschaft, 1919, pj). 11 et seq. 

8—2 
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considers that power station I. at Hdllriegelskreuth was already 
working in 1894, and that each horse power of water power saves 
one waggon of coal per annum, one is surprised that so far more has 
not been effected in this direction. In these times, which are much 
concerned with the conservation of raw materials, a wdde field is 
open by these possibilities. The question of the socialisation of the 
water power has led to much discussion in Bavaria ; ^ it is certain 
that the smaller industrially developed power schemes, more particu- 
larly, would be seriously affected by any such development, but, on 
the other hand, the right of the State must be acknowledged to secure 
more influence over the develoimient of public water supplies than 
hitherto.^ 

In Bavaria the Upper Danube is at present almost completely 
exploited, but in Baden the Upper Rhine, in particular, is capable of 
considerable development, for which, however, international arrange- 
ments with the neighbouring States are necessary. A j)lan for the 
development of the waterfalls at Triberg provides for the produc- 
tion of 5,000 li.p.® The example of Wurtteinbcrg shows that by 
combining numerous small water powers, a respectable total may be 
obtained.^ In that state there arc now 3,000 water-power develop- 
ments which together supply 95,000 h.p. per annum on the average.® 
Almost 60 per cent, of these developments, of which 2,000 supply 
less than 10 h.p. and 1,200 less than 50 h.p., serve to drive corn mills 
and saw mills. The water-power authorities have ela bora ted a scheme, 
according to wdiich 150,000 h.p. might be developed additionally in the 
whole of Wurttemberg by the construction of large dams, or a further 
100,000 h.p. by a less ambitious scheme. At the price level of 1918, 
the construction of 15 of these works on the Neckar, and 5 on the 
lUev^, which would together supply about 54,000 h.p., w^ould cost 
about 1-7 i)fg. in constructional charges per kilowatt hour. As 
against this, about 50,000 truck loads of coal would so be saved per 
year. Six thousand h.j). are to be obtained from the weirs of the 
Danube. On February 9th, 1915, a power station at Altwiirttemberg, 
near Pleidelsheim on the Neckar, started* operations,® with four 
vertical Francis turbines of 1, 100 h.p. each. A steam peak-load power 
station typical of Sou^-h Germany as an auxiliary to the water-power 
example, that of Munster on the Neckar.’ The two 

^ Sikid. Ivd. BUitly 1019, p.' 283S. 

2 /M.,1919, p. 1779. 

® V'lnschnUy 1919, p. 868. 

* sudd. Jrid. Blatt, 1920, pp. 1179 ct svq. 

® Zeitach. d. Ver. denisch. Jng., 1918, pp. 838-839. 

« SUM. hid. Blatt, 1919, p. 2192. 

’ Ibid.t 1919, p. 2197 ; sec Hurkhardt, “ W^asserspeicherung und ihre Bedeutung 
fiir die W^asserkrafte WurttembergH,” Stuttgart, 1920. 



* WATER-POWEE DEVELOPMENTS 117 

A 

100, 000- volt transmission lines from the Murg and the Pfalz Works 
are in communication through a connecting line 12 km. long. 

According to the reports of the Wasserwirtschaftlichen Vereini- 
gung fiir Mittel und Suddeutschland ^ (Water Power Association for 
Central and South Germany), development has not been neglected 
in other sections of Germany. In the river basins of the Leine, Oker 
and Bode (Harz), nine dams have been planned as a first develop- 
ment, and are partly destined to supply water to the Weser-Elbe 
Canal, but also to revive the previously highly developed water- 
power exploitation of the Ui)per Harz, which has unfortunately 
suffered through the decline of the mining industry. Five dams are 
also planned for the Werra district to hold 280,000,000 cu. m., three 
in the Fulda district to hold 280,000,000 cu. m., one in the Main 
district to hold 40,0/10,000 cu. m., and one or two in the valley of 
the Upper Saale to hold 500,000,000 to 600,000,000 cu. m. 

The War demonstrated the value of natural water-power 
resources. We are not kSO much concerned with the exhaustion of 
the coal deposits, which need trouble us little to-day, as with the 
high price of coal and the fact that there exists a bitter necessity for 
Germany to utilise every ounce of its raw materials in order to 
reconstruct what the War has destroyed ; in this category we must 
include the utilisation of the available water powers Before the 
War there was a tendency to prefer power stations using fuel to those 
actuated by water power, on account of the higher capital and 
constructioiml costs of the latter, vfhich might be five, six, or even 
ten times as large ; power stations utilising fuel are also more 
quickly erected, and can often supply current at a cheaper rate to 
communities which only require large suj)plies of current at intervals ; 
the necessity for lengthy negotiations regarding water power con- 
cessions also contributed to this result. It was generally considered 
before the War that where the^annual period of consumption was less 
than 4,000 to 5,000 hours (one year = 8,760 hours), a kilowatt hour 
supplied by fuel was cheaper than when supplied by water power. 
A regular demand for current is the first essential in order to ensure 
a uniform load on the machinery, and peak loads are very detri- 
mental. The addition of small electro -chemwal .plants in order to 
equalise the load, has often been proposed^ 2 j)articularly 

interested here in the fact that, apart from carbide furnaces, the 
oxidation of atmospheric nitrogen has been proposed for this purpose. 
The railway power station at Muldenstein, near Bitterfeld, Province 
of Saxony, was planned to include an atmospheric nitric acid plant. 

‘ Sildd. Ind. Blau, 1920, pp. 1232-1233. 

> Ibid., 1920, p. 867. 



118 


DEVELOPMENT IN GERMANY 


For such water-power stations, in particular, the addition of electro- 
chemical works is desirable, as they constitute the most uniform 
possible outlet for power. It is therefore in no way an accident that 
the first large German water -i>ower station at Rheinfelden, con- 
structed in 1898 for 18,000 h.p., was especially built for supply- 
ing an electro -chemical industry. Quite modern power works have 
been erected at Augst-Whylen on the Upper Rhine, on the Murg, 
near Forbach, and in the Mohne Valley in Westphalia.^ When 
transmitting power to great distances, direct current may become 
more economical than alternating or tliree-phase current. ^ In a 
critical article,^ W. Halbfass discusses tlie iiiaTiy advantages which 
also accrue to agriculture through the systematic damming of 
valleys. 

With the increasing exj)Ioitation of water ])ft)wer,the question of 
steam boilers directly heated by electricity has become of increasing 
importance. According to the A.E.G.,^ who construct patent 
boilers for this purpose, 10,000 kw. profhic(' 30 tons of steam at 
0 to 8 atmospheres in t wenty-four hours during continuous working. 
In Scandinavia, wJierc electric power is clieaj) and coal is scarce, 
such electric steam boilers have been used for a long time. 

An interesting article by W. Halbfass, of Jena, may be quoted at 
some length liere, as it throws a new light on the relation between 
watcT power and nitrogen fixation. Halbfass recommends that 
water powers of 80 h.p. and upwards, at places where limestone 
quarries are available, should ,be utilised for the production of 
nitrogenous fertilisers by the process of Frank and iUm). When he 
also recommends that agriculturalists shouhl instal and work small 
100 h.]). })lants, utilising twenty to twenty-liv(^ lru(J\ loads of lime- 
stone annually to ])roduee 1,000 to 2,000 ewt. of synthetic nitrate, 
requiring the services of one man only, it is evident that he does not 
in the least realise the difficulties i\ttaching to nitrogen fixation.^ 
The suggestion that such installations Would serve to render agricul- 
ture independent of the heavy chemical industry and of railway trans- 
port is written from a purely theoretical standpoint. His state- 
ments that the use of water jjower would enable such nitrogenous 
fertilisers to be soW at'two-thirds of the usual price, and that 1,000,000 
h.j^. so utilised for th(‘ fixation of nitrogen would increase the harvest 
by 2,000,000 to 2,500,000 tons, does not correspond to the facts in 
this general form, as will be seen from the following approximate 

^ Umschau^ 1920, pp. 341 et ,seq. 

- Ibid., 1920, p. 432. 

“ Die Ttchnilc i. d. Lamlwirtich, 1919, pp. 125 et seq. 

* Unischau, 1919, p. 75. 

® “ Deutschland, iiutze deine Wasserkrafte,” Leipzig, 1919. 
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calculations which he gives : — ‘‘To fix 1 kg. of nitrogen as calcium 
cyanamide requires 17 k.w.h. — that is, 23 h.p. years produce 43*8 
tons of cyanamide, equal to 8-36 tons of nitrogen, or 1,000,000 h.p. 
correspond to 1-9 million tons of cyanamide, that is, 380,000 tons of 
nitrogen. One ton of nitrogen increases the harvest l)y 20 tons iu 
the case of wheat and by 100 tons in the ease of i)otatoes. Therefore 
380,000 tons of nitrogen would increase the harvest by 7-G million 
tons of wheat or 38,000,000 tons of potatoes.” 

Among the natural sources of power which could roiJace coal we 
must include power from the sun, waves, and wind. The utilisation 
of the tides has been repeatedly attempted in ])ractice without any 
definite success. The experiments of Hermann Plauson, of Ham- 
burg, ha^ve attracted some attention (H. Plauson, “ Oewinnung und 
Verwertung der Atni(>spharischen Elektrizitilt, Beitrag zurKenntnis 
ihrer Sarnmlung, Umwandlung und V^erwendung,” Hamburg, 1020, 
Boysen and Maasch). LMauson utilises the dificrences of potential 
in the atmosphere wliich, near the surface and on level ground, may 
attain about 100 volts jkt m. in summer and 300 volts per m. in 
winter ; he proposes to obtain 1 ,000 kw. from a coll(‘cting area of 
6 sq. km. by ])alloon antenme. He refers to the possible applicuition 
of these experiments to tlie atmospheric nitrogen industry and the 
manufacture of earl)ide. In principle, tlu' ex])eriments are not m^w.^ 
It is to be hoped that they may be crowned w'ith greater success than 
those of previous experimenters. Boning points out, in the Siidd. 
Indiistrieblaff, 1010, 2203/4, the very^ small amount of electricity per 
cu. m. of air, which amounts to 0-3 to P5 electrostatic units only. 

The Gernian nitrogen fixation industry, the various develop- 
ments of which have just been considered, received its main impulse 
through the outbreak of the Great War in 1914. Tt was in no way 
created by that War, for all the jirocesses which were concerned 
were already practised before J014, though on a very much smalk^r 
scale. Whereas the other bnmehes of the nitrogen fixation industry 
have developed internationally, the Haber process has until recently 
been restricted to (Tcrmany only, as it is completely suited to the 
highly developed German chemical industry. 

The question of power is all -important for the cjianamide industry 
and that of fuel for the Haber-Bosch jiroyess. Benig essentially 
dependent on coal, tiie coke ovens and gasworks have been more 
immediately affected by the consequences of the Treaty of Ver- 
sailles than other branches of the nitrogen industry. In accordance 
with this Treaty, 2,039 tons of ammonium sulphate were delivered 
to the Entente States up to the end of May, 1920. Under the pre- 
^ See, e,g,f C. Rudolph, German Patent 98,180 (1898). 
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sent economic conditions the development of peat and of water- 
power, and the search for new sources of energy, seems to be of 
particular interest. Under the circumstances the introduction of 
technically satisfactory methods of utilising the sulphur in coal, and 
of preserving the nitrogen in liquid farmyard manure, also seem 
particularly important. 

According to the report of the Zentralgenosscnschaft zum Bezuge 
Landwirtschaftlicher Bedarfsartikel in Halle-a.-S. (Central Associa- 
tion for the Supply of Agricultural Requirements of Halle-a.-S.), it 
was not possible, until the autumn of 1920, to obtain sufficient 
supplies of nitrogenous fertilisers, more particularly of cyanamide, 
ammonium sulpho -nitrate, etc. By enabling the materia] to be 
supplied in sufficient quantities, after the crisis producec^ by the 
revolution, the German nitrogen industry has achieved a considerable 
success. When discussing the nitrogen monopoly and the nitrogen 
syndicate, we described the more recent difficulties of distribution 
and the future possibilities. It is necessary to bear these latter in 
mind ; they depend more particularly on the improvement of the 
economics of the process, on lowering the i^rice of the product in the 
national interest, supplying individual industries with new sources 
of energy, and the elaboration of new nudhods, such as the gypsum 
process and the production of urea, and, finally, on the introduction, 
supported by propaganda, of new fertilisers of greater efficiency. 

At suitable sale prices no excessive production of nitrogenous 
compounds is to be feared in Germany in the near future. On the 
contrary, the sales prospects are, in general, good. In the ])reseut 
situation, which is influenced ])y so many factors, it is inij)ossible to 
say whether the large (‘xport of nitrogenous fertilisers, which was 
spo^ken of so hopefully during the War, can be realised in the near 
future. The formation of a trust comprising the whole of the Chile 
nitrate industry still lies in the distapt future, esj)ecially as the sale 
of nitrate is prejudiced by a mistakeu policy of sales and prices of 
the united producing interests. (Report tor 1919-20 of H. B. 
Slornan & Co., Nitrate Works, Hamburg.) There is, for the present, 
no possibility of competition between natural ('hile nitrate and the 
German synthetic^ pro/Juct in the German home market, on account 
of the considerable effect of freight charges, exchange fluctu'ations,^ 
etc. Should competition arise it wotlld, under normal circumstances, 
probably end in a victory for the synthetic product. It must, how- 
ever, be remembered that the prices paid in 1914 for by-product 
ammonium sulphate and for Chile nitrate were artificially fixed by 
sale conventions, so that they might be considerably lowered under 
stress of competition. 
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Supplement, 1921-4. 

The foDowing articles have appeared in the interval : — 

Chem. Ztg., 1921, 324 ; 1922, 100, 146, 180, 215, 360, 404, 660, 
742, 823, 1098, 1120 ; 1923, 68, 107, 164, 399, 447, 468, 492, 500, 508, 
580, 612, 688, 716, 732, 739, 792. 

Metallbdrse, 1923, 1609 ; 1924, 536. 

The disturbances in the exchanges caused extraordinary rises in 
the prices of fertilisers, which continued to be officially controlled ; 
they attained a maximum of 129,400 marks per cent, per kilogram 
of nitrogen in dry ammonium sulphate, 114,100 marks per 100 kg. 
in calcium cyanamide, and 154,200 marks per 100 kg. in sodium 
nitrate on July 22nd, 1923. These figures were then converted to a 
rye basis on August *1 5th, 1923, and to a gold mark basis on Sep- 
tember 24th, 1923. At present ground neutral ammonium sulphate 
costs 1*17 mark per kg. per cent, of nitrogen, artificial Chile salt- 
petre 1*35 mark, and cyanamide 1*10 mark in the same units. The 
Nitrogen Syndicate supplies : — 

Ammonium sulphate containing 20*6 per cent, nitrogen as NHg. 

Ammonium chloride containing 20 per cent. N. as NHg. 

J^euna saltpetre (ammonium sulpho -nitrate) containing 8 per 
cent. N. as NaNO-j and 19 per cent. N. as NH-j. 

Potassium ammoniuTr nitrate containing 8 per cent. N. as 
nitrate, 8' per cent. N. as NHjj and 25 per cent, of potash. 

Sodium nitrate containing 1 6 pe^ cent. N. 

• Calcium cyanamide containing 20 per cent. N. 

The coal production, and the consequent production of by- 
product ammonia, dropped considerably, being 173,000,000 tens 
in 1913, 130-3 million tons in 1922, 62-2 million tons in 1923 (exclusive 
of Alsace-Lorraine). The coaj imports increased correspondingly. 
The production of lignite was # 1913, 87-2 million tons ; 1922, 137*07 
million tons ; and 1923, 188*248 million tons. The production of 
coke in the present aresT, excluding the Saar, was in 1913, 31*668 
million tons ; 1922, 29*11 million tons ; 1923, 12*7 million tons. 

The production of calcium cyanamide was# li^l3, 48,000 tons ; 
1921, 250,000 tons; 1923, 238,000 tons. J'he production of am- 
monium sulphate is now about 1,000,000 tons in consequence of the 
large production of the Leuiia Factory and the Badische Anilin und 
Sodafabrik. The difficult credit conditions and lack of money at 
the turn of the year 1923-24 caused grave difficulties in the home 
sales of nitrogenous* fertilisers, and considerable financial exertions 
were necessary in order to overcome these difficulties. 
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DEVELOPMENT IN GERMANY 


The number of existing nitrogen works has diminished, as the 
A.G. ftir Stick stoffd linger at Knapsack and Cologne, and also the 
Mitteldeutsche Stickstoffwerke Cross Kayna liave closed down. 
Oppau suffen‘(i under the conditions duo to the military occupation ; 
Zschornewitz has not been rebuilt since the explosion, and Chorzow, 
in Upper. Silesia, now belongs to Poland. 

As the Waldshut Works of the Lonza A.G. were not working 
continuously, and the production of the greater number of the coke 
ovens in Western Germany and Up})eT* Silesia was of hardly any 
account, the only localities of really large scale ])roduction, apart 
from numerous gasworks, were Trostberg, in Ui)pcr Bavaria, and 
Piesteritz, both of which produce calcium eyanamide, and the Leuna 
Works of the B.A.S.F., near Merseburg (Haber ammonia, which is 
converted into sulphate by means of gypsum, or sold as a mixed 
nitrate fertiliser). 

The Kontinentale StickstoflFwerk(^ A.G. (“ (Visag ”), which was 
founded in Munich in 1022 {(Utem. Zfg., 1922, 2^12, 332, 604 ; Cliem. 
imh, 1923, 410 ; MetalWorse, 1923, 616), are erecting a works on the 
Pauling arc^ system at Golbing, near Salzburg, to su])ply German 
Austria. 

Arrangements between the B.A.S.F. and France concerning the 
grant of Haber licences have been conchid(‘d Zfg., 1921, 468 ; 

1922, 440 ; 1923, 172, 101, 256 ; Ch'>m. Ind,, 1923, 131, 155 ; Meiall- 
horse, 1923, 111, 208, 310, 425). 
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CHAPTER IV 

The Norwegian Nitrogen Industry 

The history of the Norwegian nitrogen industry commences on 
May 2nd, 1905, at which date the Notodden Works in Telcmarken 
commenced continuous manufacture, thus proving the economic 
applicability of the Birkeland-Eyde process on tlie large sc;ale. Since 
that date Norway has been the foremost country of tlie atmospheric 
nitric acid industry. ^ 

Christian Birkeland, who died in 1917, was ProftNssor of Physics 
at the University of Christiania. In 1905, in tlu^ course of other 
investigations, he noted that the alternate current arc was distorted 
to form a disc in the magnetic field. ^ TJk‘ results of Birkeland’s 
investigations agree with those of earlier pJiysi cists, but he made 
the original observation that high tension arc^s in air, which were 
distorted in this manner, caused an (‘xtraordinarily eiiergetic com- 
bustion of atmosplierie nitrogen. Tliis fact was utilised b^- Birkeland 
and his collaborator, the engineer, Samuel Eyde, to elaborate a new 
method of obtaining nitric- acid from the air. Eyde undertook 
the administratioi] of the comj)any form(‘d for tin's pur])ose ; this 
was afterwards converted into the Norsk Hydroclektrisk Kvat^lstof 
A.S., of which Eyde was choscm as the G(‘n(‘ral Director. On his 
fiftieth birthday, on October 29th, 1916, Eyde ])rescnted 50,000 kr. 
to his birthplace, Arendal, and 20,000 la*, to the Norsk Ingcniir- 
forening and the Polyteknisk Forening in ('hristiania ; the Norsk 
Hydro, as it is ordinarily called ,^estahlish(*d a Samuel Eyde Fund in 
his honour, amounting to 100,400 kr., for the j)r()molion of physical 
and chemical research. 

The first experimental works, at Ankerlokken, nc'ar Christiania, 
were replaced by a rather larger ])lant at Vh^smocm, near Arendal, 
which was followed by the w^orks at Notoddei^ watercourses 

of the Hitterdal unite to form a lake near the ^ownship rtf Notodden, 
which lake is connectaii through* a series of navigable canals with 
Skien-Pjord. and thus with the o])en sea. f^lcicTi, the i)()rt of ship- 
ment for Norwegian saltj)etre, lies on the south coast of Norway, 
about 100 km. from Christiania as the crow flies, ’(lose to Notodden 
the Tin-Elf forms thrt Tinfos, which provides 20,000 h.p., and 4 km. 

^ 0. N. Witt, Chem. Ind., 1905, pp. 699 et seq. 
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above this is the Svalgfos, providing 30,000 h.p. At that time 
electrical energy cost 12 marks (125.) per horse-power year, that is, 
about 0-19 pfg. per kilowatt hour. Towards the end of 1906 the 
Norsk Hydro was already in touch with the B.A.S.F., and since 1905 
.the latter company has been interested in large-scale experiments 
according to the Schonherr process. By arrangement between the 
two companies the new works to be built on the Rjukan was to be 
provided with furnaces built according to both systems. 

In the autumn of 1907 the B.A.S.F. established their experi- 
mental plant at Fiskaa, near Kristiansand, which was supplied with 
three-phase current from the power station, 26 km. distant, of 
Kringsjaa in the Saeterstal. The development of the Haber process 
and other causes induced the I.G., representing the B.A.S.F., to 
dissolve the Norwegian arrangements. The liquidation was almost 
complete in 1912. The Fiskaa Works, which had been founded in 
1907 as a special share company with 200,000 kr. capital, were sold 
' to a Norwegian company, which intended to use it for other manu- 
facturing purposes. 

Soon after the works at Notodden had i)roved successful during 
continuous manufacture, the Norsk Hydro commenced to develop 
the Rjukanfos. The Rjukan is the most powerful waterfall in 
Norway. It is situated in the interior of Telemarken. It has a 
natural fall of 2G0 m. and a regulated fall of 560 m., down which the 
Maan-Elf passes in four enormous lea])s on its way from the Mjosvand 
Lake. When the water is utilised to the amount of 40 cu. m. per 
second, 250,000 to 300,000 electrical horse ])ower can be developed 
from the fall. The development was carried out in two stages, each 
of 280 m. fall. The first portion of the Rjukan development was put 
imto operation at the end of May, 1912, comprised ten turbines and 
developed 107,000 kw. The second j)ortion was added during the 
War (Rjukan II., 1916-17), and tcy-day the Rjukan Works dispose 
of about 290,000 h.p. They are conix^cted with Notodden and Skien 
by a normal gauge railway 46 km. long, and a ferry across the Tin 
Lake which is 40 km. long. Tho Rjukanfos Company and the Norsk 
Transport A.S. are affiliated to the Norsk Hydroelektrisk Kvael- 
stof-Aktieselskab (Notodden), with headquarters at Christiania. 
The liquidafion of the German interests led to the absorption of this 
important industry by Franco-Norwegian financial groups in the 
form of the Societe Norvegienne de L’Azote et de Forces Hydro- 
61ectriques. In this way, during the War, more than 350,000 h.p. 
in Norway was at the disposal of the Entente.^ We will return to 
these relations later. 

^ C. MatigDOD, Reom g4n4r. des Sciences purea et appliques, 28, 6 and 50. 
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The great development of the atmospheric nitrogen iridustry led 
to a considerable increase in the employment of* Norwegian water 
power. The total power available is estimated at 7*5 to 8 million h.p., 
and that which could easily be harnessed at least 5,000,000 kw. 
(6*7 million h.p.). The cost of development varies very greatly, and 
is ordinarily estimated at 250 to 400 kr. per kilowatt, which at the 
pre-war rate of exchange is 280 to 448 marks. The annual charges, 
including amortisation, may be estimated at 10 to 15 per cent, of 
the original constructional cost, so that in 1918 at large power 
stations the kilowatt year cost about 45 to 60 kr., that is, 50*40 to 
67*20 marks at the pre-war rate of exchange — i.e., about 0*58 to 
0*77 pfg. per kilowatt hour. These costs are usually lower in the 
western and northern part of the country than in the east and south, 
as in the former the waterfalls are more favourably situated. The 
above cost is for power deliveries of not less than 5,000 to 10,000 kw. 
at 5,000 to 15,000 volts at the j)orts. If the works are in the direct 
neighbourhood of the power station, the cost per kilowatt hour is 
lower ; 863,000 h.p. were developed between 1905 and 1915, and in 
1917 alone the additional water-i)Ower development exceeded 

250.000 h.p. In 1913 705,000 h.p. had been developed, of which 

400.000 h.p. were used in electro-chemical and metallurgical indus- 
tries. The Hardanger district alone could supply 900,000 h.p. 
The following table gives a summary of some of the more important 
works which have been carried out or planned during the last few 
years ^ 


Ciiinpaiiy and rjaci-. 


A.S. PereJorat, Odcla. 
(Conceysioii api)Iie(l 
for.) 


Oyro, Ryfylkcn clistrK’t, 
(Purchased.) 


Towor, 


Manufacture. 


h p., Tysse wateifall. P(‘reldf»n«te, etc. 

1(H), 0(K) h.j). in all. of which 20,000 Carbide, 
from tlie lllaa Falls iii the first 
stiij^e of development, 

70,0(_H> h.j)., Saude Falls. Carbide. 

Maarforsen Falls. Fleet ro-eheniical works. 


Konsortuim in fSkien. .lostedhls and Lanlals Falls in Sui^iie- Nitrate, aluminium, 
[ fjord, 200,000 h.]). carbide. 


A.S. Bremaii^er Kraft- 
Selscab, of Bergen. 


Noend Fjord, near Fiord, .‘10, 000 h.]>. Carlnde ferro-silicon ; 

^ • #ome cyanamide. 


A.S. Bjolvefossen, Har- Bjolvefos, 20,(K)0ji.p., and a furtfier Carbide and eyanamidc. 
danger Fjord. 44,000 h.}). 


Titan Company (pro- 
jected) 


Thorsaa Kiver in Iceland, Caude- Norway saltpetre, car- 
faldeiie waterfalls, 100,000 h.p. bide and other pro- 

• ducts. 


1 See K. Arndt, Cheni. Ind.^ 1910, No. 22-23. 
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An electric supply commission has been established in 
Norway in order to ensure a co-ordinated electrification of the 
country.^ In 1915 the seven carbide works in Norway disposed of 
100,000 li.p. 

In 1915 the Norwegian chemical industry had a total share 
capital of al)()ut 150.000,000 kr., which was mainly in foreign hands. 
In 191G 35,000.000 kr. of fresh capital were added, and in 1917 
40,000,000 kr., these additions l)eing almost exclusively Norwegian 
cajatal. The develo]:)ment of fJerinaii-Norwc'gian joint interests is 
coiitroll(*d by the Dentsch-Norwegische Wirlschaftsverband, which 
was found(^d in Bei‘lin in 1919 on the jJreinises of the Norgcsalpeter 
Verkaufs G.m.b.H.- 

The Norsk Hydroelektrisk Kvaelstof A.S. paid dividends of 
8 per cent, in 1914-15 ; 10 })er cent, in 1915-16 ; 10 per cent, in 
1916-17 ; and 12 ])er cent, in 1917-18. A new air nitrate plant at 
Ranen, in Nordland, was proj(^ct(‘d, and a package factory was to 
be built in li)17 on the Island of Herden, near Porsgrnnd. The 
effect of the War was rajadly to increase tJie production of nitric 
acid and aminoniinn nitrate. The imj)ortation of ammoniacal 
liquor from England was hain])ered after the establishment of the 
German i)lockade. The Norwegian works at Odda and Notodden 
delivered synthetic ammonia in small amounts whicdi were quite 
insufficient, so that the ])roduction of ammonium nitrate at Saaheim- 
Rjukan fell to less than half after the middle of February, 1917. 
After the end of 1918 Norway saltpetre only was produced. Since 
the manufacture of ammoniuin nitrate at Notodden has ceased, this 
product is only juoduced in very small quantitic's. The Odda Works 
manufa(;ture calcium cyanamide and ammojiia. The weekly output 
capacity of the Norsk Hydro Works is now 30.060 barrels of Norway 
salt])etre — that is, about 156.000 tons per year, or 100,000 to 120,000 
tons of 96 per cent, nitric^ acid. Th(‘ works utilise about 350,000 h.p. 
The Rjukan I. Woiks, which utilise 140,000 h.p., and have a normal 
daily outjnit of 200 tons of Norway nitrat(\ are th(‘ largest air nitrate 
works in the world. In order to sup])ly the necessary sodium car- 
bonate, alkali works liave b(‘en built at Rjulcan with a present yearly 
output of about^ l,0j)0 tons. A large research laboratory in Chris- 
tiania servcf^ for the improvement of the processes. The Rjukanfos 
Company distributed a dividend T>f 20 per, cent, in 1917-18 as a 
branch of the Norsk Hydro, and the Norsk Transport A. 8 . distributed 
a 15 per cent, dividend. The total share capital of the company 
amounted to 191,609,192 kr. in 1919, of which 86,214,223 kr. repre- 

^ Zeiisrh. f. atigew. Chem.^ 1918, iii., ;i9J. 

‘ Chtm. Ztg., 1919, p. 492. 
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sented the capital of the six affiliated companies and vifrious other 
securities. 

The capital of the Norsk Hydro in 1915 was only 02*54 million kr., 
the Svaelgfos Waterfall at Notodden l)cing valued at 3*50 million kr., 
and the Notodden Works at 16*87 million kr. This capital was not 
nearly sufficient for the enlargement of the enterprisei and for the 
formation of the affiliated companies, as tlie acquisition of ah interest 
in the Kjukan Works alone reqiiirt^d 06*4 million kr. As the issue of 
debentures is not ])e^rmitted by Norwegian law, the conij)any would 
have had to increase their share capital to an enormous extent in 
order to meet all tliese requirements. The difficulty was evaded by 
the formation of the FreJU^Ji firm “ Rocietc Norvegienne de TAzote 
et de Forces hydro -elect riques ” in Notodden, which issued the 
necessary debentures in France and at the same time developed 
further tlie already intimate association with French high finance. 
This loan was based on the liquid assets of the Norsk Hydro as a 
security, and the interest had to be paid by the Norsk Hydro through 
the Socicte de I’Azote. In the lialance sheet of the Norwegian Com- 
pany the formation of tlie French (Jompany appears at a figure of 
about 60,500,000 kr. The Societe Norvegienne de TAzote has also 
recent!}^ been active in the Pyrenec's. 

The Notodden Works, with the power stations of Tinfos and 
Svaelgfos, utilise about 50,000 h.j)., and the Saaheim-Kjukan Works 
are sujiplied witli 140,000 h.j). by the Rjukan I. power station and 
with 150,000 to l()0,000 h.i). from the lljukan 11. station, so that 
the Norsk Hydro utilises a total of 3^0,000 to 350,000 h.p. 

OriginaJly calcium nitrate (Norway saffpetre) only was manu- 
factured, containing about 13 ])er (icnt. of nilrogtm. At a later date 
98 per cent, nitric acid was su(*cessfully produced on a large technical 
scale ; after adding 10 per cent, of sulphuric acid, this was desjiatched 
in iron drums. During the War the production of ammonium nitrate 
from English and later from ^ Norwegian ammonia, became more 
important ; the Norwegian ammonia was obtained from nitro-lime. 
Sodium nitrate and sodium nitrite are olitained as by-products of 
the alkaline absorjition of the nitrous gases. ^ In 1913 Norsk Hydro 
produced 1 kg. of HNO^ in the dilute condition,^ at a production cost 
of about 0*20 kr. compared with 0*45 to 0*60 kr. liy tlie old method 
from Chile nitrate. Vyiien fully*oc(mpied, Notodden Works employ 
about 2,000 j^eople. The company has buift large colonics for the 
workjjeoplc. The {)iY)cess has always worked smoothl}^, but there 
were several strikes during the War. The transport arrangements 

^ Durihg the AVar the Jforsk Hydro ert“cted their own alkali w^orks with a daily output 
of 27 tons {Cheni. and Met. Eng.^ 1920, p. 1082). 
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have Iattei4y been increased on a large scale by the erection of 
large storehouses and quays at Menstad, opposite to Borgestad. 
Very valuable technical details have been communicated by E. 
Kilburn-Scott.^ The Notoddcn Works comprise 32 Birkeland-Eyde 
furnaces of 600 to 1,000 kw. each, and at Saaheim there are eight 
&rkeland-Eyde furnaces of 3,500 kw. each, and also a few Schonherr- 
Hessberger furnaces, each of 1,000 kw. It is worth noting that the 
Norsk Hydro, as the representative of French groups, opened a 
branch at Stockholm in 1920 ^ with 50,000 kr. capital, to represent 
the Alsatian Potash Works in Sweden. The direct importation and 
sale in the United States of ammonium nitrate, Norway saltpetre, 
and sodium nitrite produced by the Norsk Hydro, is carried out by 
the newly founded Norwegian Nitrogen Products Company of NeW 
York. 3 

During 1918 the Norsk Hydro and the Norsk A.S. for elektro- 
kemisk Industri of Christiania, founded th(^ A.S. Labrador with 
2,000,000 la*, capital, for the jmxluction of alumina and calcium 
nitrate by treatment of Norwegian labradorite with nitric acid. 
The Norsk A.S. for elektrokeniisk Industri formerly belonged to the 
Brandenburgischen Elcktrizitatswerlce, and is less conccTned with 
the chemistry of nitrogen products than with the jmxluction of car- 
bide, aluminium, carborundum, etc. In 1918 it had a capital of 
28*8 million kr., and distributed dividends of 5 ])er cent, in 1916, and 
7 per cent, in 1917. The company is the owner of works at Kragero 
and Eydehavn, near Arendal. It is mainly of interest to us here on 
account of its acquisition of the majority of the shares of the Fiskaa 
Works at Kristianssand, which is well known to have been founded 
by the B.A.S.F. 

The Norsk Nitrid A.S. at Eydehavn, near Arendal, which was 
originally intended to j^roduce aluminium nitride, produces alu- 
minium chiefly, as the difficulties of tin* Serpek 2:)rocess were found 
to be too great. Under the name of Suciete Norvt^-gienne des Nitrures, 
the company is closely connected with the French Societe Geiierale 
des Nitrures at Paris, to which it is affiliated. t. Of the teffal 25,000 h.j). 
which are available, 10,000 h.p.'havc at j^resent been developed from 
the Boilcfos.^ The capital of the Norwegian Company is 13,000,000 fr. 
The business, re j)Ort lor 1914-15 does not report very favourably on 
the Serpek jirocess ; the ])lant was ready at the end of 1913. 

The Odda Works at» Hardanger Fjord were founded in 1908, and 
are one of the first of the largest existing carbide works ; they are 

J. Soc. CJiem. hid., 34, 113 -126. 

“ Zeitach.J. angew. Chem., 1920, li., 92, 

3 Chem. Zig., 1920, p. 648. 

^ lUd., 1913, pp. 303, 646. 
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the property of the North-Western Cyanamide Co., Ltd.j-hf London, 
and work on the Frank-Caro system ; in 1915 they utilised a total of 
50,000 h.p. ; the output capacity was 24,000 tons of cyanamide in 
1912, and 52,000 tons in 1913. This output was at first greatly 
reduced at the outbreak of War, but was then increased to 90,000 
tons of carbide, corresponding to 112,500 tons of cyanamide, con- 
taining 20 per cent, of nitrogen. With the assistance of the Alby 
United Carbide Factories, Ltd., and the North-Western Cyanamide 
Co., Ltd., the Nitrogen Products and Carbide Co., Ltd., of London, 
was formed in 1913, together with the affiliated company, Nitrogen 
Fertilisers Co., Ltd., with a total share capital of 36,000,000 kr. The 
Alby Works of the. Alby Carbidfabriks Akticbolag have been working 
continuously since the summer of 1912 and produced 15,000 tons of 
cyanamide in 1912. The formal amalgamation of the Alby United 
Carbide Factories, Ltd., and the Nitrogen Products and Carbide Co., 
Ltd , took 2 )lace in 1919. The Alby Works were later taken over by 
Swedish interests (see next chapter). 

The Odda Works in Norway arc supplied with electric power 
(65,000 h.p.) from Tyssedal ; the waterfalls at this locality represent 
a total of 125,000 h.p., of which about 83,000 h.p. have now been 
developed. During the first years of the War Odda delivered con- 
siderable (piantities of nitro-linie to the English Dagenham Works, 
which wen*, to have i)ro(iuced ammonia from this material, and to 
have further oxidised this to nitric acid, using platinum contacts. 
The Dagenham Works liad great difficulty in obtaining their sup])lies, 
as Norwegian im])orts were seriously affected l)y the Grcrman })lockade. 
They linally used gas liquor as their raw material. During the War 
Odda also suppli(*d Notodden with ammonia for the production of 
ammonium nitrate. It includes a special granulatioii jJant for 
the production of nitro-lime for fertilising 2 )ur[)os(*s. The Belgian 
Works at Vilvorde were alreadv supplied in 1913 with cyanamide 
from the Norwegian Works, j^iich served for the production of 
ammonium sul 2 )hate and ammonium nitrate (see Chaj)ter X). The 
Nitrogen l^roducts and (Carbide Com])any hold a number of further 
concessions in Norway for the development of waterfalls at Aura, 
Mardol in Romsdalen, and other places. The Meraker Carbide and 
Smelting Works produce carbide and ferro-alloys only.. 

The Purchasing Union of the Agricultural Associations in Norway 
started the erection of their own works for nHrogenous fertilisers in 
1915, the A.S. Bjolvefossen at Indre Aalvik, Hardanger, which 
started operations in 1918. It disposes of 36,000 to 43,000 h.p. from 
the Bjolva Falls, and* the comi)any also owns limestone deposits con- 
taining 10,000,000 tons of limestone. The annual output capacity 
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is about 36^,000 tons of cyaTiamide produced in four Carlson furnaces, 
and, as a by-product, 6,000 tons of ammonium sulphate. In 1919-20 
the works stopped producing carbide, as did the Odda Works, for 
reasons which will be explained later. 

The Norsk Superfosfatfabriker manufacture lime fertilisers and 
()ther products. The A.S. BremangtT Kraftselskab of Bergen, first 
developed 21,000 h.p. from their water pow(^rs at Bremanger ; they 
intend to prodiK^e 30,000 tons per annum of carbide, of which one- 
third is to be converted into eyanamidc. In 1915 the cajutal of this 
com])any was 5-4 million kr. ; tlie works are at Soend Fjord, near 
Floro, and so far they have mainly produced ferro -silicon. The A.S. 
Be Elektrokemiskc fabriker Sodium in Trondhjem manufacture 
alkalies and chlorine. The A.S. Kvina CJarbid og Smclteverk, which 
was founded in 1915 witli a ca2)ital of 0*76 million, erected a carbide 
works at hVdefjord, near Flekkefjord. 'They are supplied with 
5,000 h.p. by the A.S. Tralandsfos in Kvinesdal, which also su})plics 
the neighbouring A.S. Carladindustri with 15,000 h.p. The latter 
comj)any purchased for 1,000,000 kr. the Organokemisk Industri 
A.S. at Frederikstad, which was founded in 1910. In this works 
(virbidc is converted into alcohol, acetic acid, etc., by a process due 
to tJie engineer Sverre Utheini of Frederikstad. Hugo Laurell, 
engineer, erected a carbide W'orks for the A.S. Norsk Elektron at 
Bergen witli a capacity of 20,500 tons per annum to utilise his process. 
Powor is supplied by the Blaa Falls. During the War th(‘ IJsines 
Electrochimiepu's de Hafslund, near Sarpsborg, produced ferro- 
silicon. In 1919 these wairks Tv constructed their three furnaces and 
returned to the production of carbide. They and the Norsk Elektro- 
kemisk A.S. were placed on the British black list on account of War 
d(*liverjcs to (Germany. The Nitro -glycerin CVimpany of ( 'hristiania 
pr<)du(^(‘s a s[>ecial ammonium nitrate safety exiilosive knowm as 
Extra-Nobelit, which does not lose its explosive ] lowers, even though 
placed in waiter for hours, Schjelderhp of Bergcm, Helgcdiy of Trond- 
hjem, and r^ull of Bergen havc*^ worked out a new process in order to 
increas(', the yield of gas and ammonia on distilling coal.^ 

The area of the Norwegian inoors is estimated at 12,000 sq. km. 
(1,200,000 hectares). Half of this area seems to be unsuitable for 
exploitation : of 'the 'other half, 3,000 sq. km. seem best suited for 
reclamation, 2,000 sq. km. for th^" production of jieat-fuel, and 
1,000 sq. km. for the jiroduction of peat litter. In order to avoid 
monopolisatiem by foreign interests, a law was passed on July 25th, 
1913, wdiich stipulated that the acquisition of moorland areas of 
more than 35 hectares should in future be subjt'ct to a special royal 
1 chfm. Ztg., 1919, p. 271. 
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grant, unless the purchasers were the Norwegian (Jovernment, 
Norwegian communities, or Norwegian citizens. ^ 

In 1914-15 a i>roject was formed for the establishment of coke 
ovens in a Norwegian coast town to deal with coal from Spitzbergcn, 
In 1918 100 kg. of Norway nitrate or so-called “ Norwegian Chile 
nitrate ’ cost 24 kr., 100 kg. of nitro-lime fertiliser cost 21 kr., and 
100 kg. of IS pe^r cent, nitro-lime as a weed -killer 22 kr., including 
sacks, f.o.b. or f.o.r., delivered by the North-Western Cyanamide 
Company of Odda ; 100 kg. of Chile nitrate cost 23 kr. in 1919. 
The sale of nitrogenous fertilisers is not controlled by the State, but 
superj)hosphate and potash salts were rationed in 1919. The State 
]3ays considerable subsidies in order to reduce the price of fertilisers, 
and in 1918-19 these amounted to 13-6 million kr. for air nitrate, 
1-0 million kr. for cyanamide, and 3*0 million kr. for superphosphate. 

According to a rejiort of the Norwegian Department of Agricul- 
ture, the following quantities of fertilisers were availal)le in 1919 : 
80,000 tons of calcium nitrate, 2,500 tons of finely ground nitro- 
lime, 2,500 tons of granulated nitro-lime (cyanamide), and 43,000 
tons of superf)hos 2 )liat(‘. The actual deliveries, how^ever, amounted 
only to 50,000 tons of synthetic calcium nitrate and Norwegian 
(synthetic) sodium nitrate. The exports of calcium nitrate in 1919 
were 10,000 tons to Denmark and 20,000 tons to S^r^- 1(mi. Before 
the War th(^ dojuestic c()nsum[)tion of Norway amounted to only 
0,000 to 7,000 tons of nitiogenous fertilisers annually. The following 
summary of Norwegian conditions before the War is abstracted 
from an article* by J. 8ebelien : — * 


Voar. 

i 

j eroductioii of Calcium 
j Nitiato in tons 

Domestic (Consumption 
of Calcium Xjtrat<‘ 

Imports of (Jhilf 
Nitrate for Imlu.stiial 


in Ions 

eurpo’^e.i in ton.^# 

1 905 ! 

127 

► 5-4 

707 

1 90K ' 

15,000 

470 

1,015 

1910 

18,509 

1,800 

258 

191 3 1 

73,21% 

5,500 

103 


The exports of calcium nitrate were 51,7fH fons.in 1912 and 
70,171 tons in 1913, valued at mgre than 11,000,000 kr. The exports 
of sodium nitrite, socliiim nitrate, and ammonium nitrate waTe 
13,480 tons in 19 J 2 and 17,028 tons in 1913 ; 50,000 tons of calcium 
carbide were exjjorted in 1910. 

* ^ Chem. ZUf.^ 1914, p]). 110, ]11. 

“ IbitL, 1914, p. 1109. 
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TheImportH of Chile nitrate, which were 1,337 tons in 1913 and 
783 tons in 1914, ceased almost completely during the War, 
being 44 kg. in 1917 and 6 kg. in 1918. The production in tons per 
month in Norway in 1918 and 1919 was as follows : — 



August, 1918. 

August, 1919. 

January to 
August inclu- 
sive, 1918. 

January to 
August inclu- 
sive, 1919. 

Ammonium nitrate . 

4,327*2 

562*4 

32,008-8 

1,038*6 

Sodium nitrate 

29*9 

1,844*3 

2,264*5 

3,498*6 

Calcium nitrate 

2,953*7 

3,807*9 

40,199*0 

34,806*4 

Nitric acid 

97*8 

163*7 

468*4 

698*5 

Ammonium sulphate 

— 

70*3 


199*2 

Calcium cyananiide. 

— 

— 

0*5 

7,981-7 

Calcium carbide 

4,342*5 

525*2 

29,423*6 

15,571*0 

Oxalic acid . 

54*3 

69*1 

143*9 

189*9 


The table clearly shows the decline in the output of ammonium 
nitrate, a war material, and the renewed growth of the output of 
calcium cyananiide. The total exports of eiiemieals from Norway 
in 1917, 1918 and 1919 were as follows, in tons : — 



1917. 

" 

1918. 

1910. 

First Siv 
Months of 
19111 for com- 
parison (Cer- 
tain Items 
only). 

Nitric acid 

1,621*2 

830-7 

1,432*8 


Oxalic acid 

334*1 

200-0 

293*4 



AiAinonium sulphate 

50*0 

— 

232*5 

— 

Ammonium nitrate . 

63,578*1 

49,587-0 

5,163*1 

4,246*0 

Sodium nitrate 

22,711*2 

1^030-6 

13,036*4 

— 

Sodium nitrite 

3,536*1 

2,;t97-8 

1,803*0 

32,050*0 

Calcium nitrates 

35,932*4 

53,625-3 

63,880*2 

2,764*0 

Calcium cyananiide . 

2,312*9, 

10-5 . 

9,929*9 

11,000*0 

(Jalcium carbide 

46,066*6' 

41,771-9 

25,599*3 

— 

Iodine . 

» 4 

1*2 

5-4 

3*0 

— 


In 1915 the works of the Norsk JHydro at Notodden and lljukan 
produced 38,000 tons uf calcium nitrate (75,000 tons in 1914) and 
26,000 tons of ammonium nitrate (12,000 tons in 1914). In 1916 
the production of calcium nitrate was 86,000 tons, of which 64,000 
tons were exported (70,171 tons in 1913), and 40,000 tons were used 


Chem. Irid.f 1920, p. 158 ; Zeitach. f. angew. Chem., 1920, ii., 113. 
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within the country. The present output capacity ol the Norsk 
Hydro Works is 100,000 to 120,000 tons of concentrated nitric acid 
of 96 to 99 per cent., or at least 156,000 tons of calcium nitrate, 
equivalent to 30,000 barrels per week of 100 kg. each. In 1916 
4,000 tons of free nitric acid were produced. The output of Odda 
and Notodden now consists almost exclusively of calciurv carbide, 
ammonium nitrate and sodium nitrate, which arc sold through a 
central selling agency of the Norsk Hydro. 

When all the plants at present under construction are finished 
(such as Aura, A.S. Bremanger, and so forth), and if the whole 
available power is used for manufacture, then the maximum attain- 
able output of calcium cyanamide in Norway will amount to 700,000 
to 800,000 tons 2 )er annum. The maximum output capacity in 
1919-20 was about 250,000 tons, and the large discrepancy between 
the maximum outi)ut and actual production is shown by the small 
domestic consumption, which was only 5,000 tons in 1919, together 
with the small export figures, which were only 7,981-7 tons, from 
January to August inclusive, of 1919. The reasons for this dis- 
crepancy will be discussed later. 

In 1916 Norway imported 16,000 tons of ammonia, mainly from 
England, and in addition 7,500 tons of ammonium sul 2 )hate. The 
total im 2 X)rts of ammonia and ammonium salts amounted to 18,164 
tons in 1917 and 2,084 tons in 1918. The ex 2 )orts of Norwegian 
nitrogen 2 )roducts to Sweden and Denmark have greatly ex 2 )anded, 
as is shown by the following table, wjiich gives the amounts in tons : — 




tJulcium Nitrate 


Arrirnonium Nitrate. 


1913. 

1910 

1917. 

v.m. 

1910. 

1917. 

I^IS. 

To Sweden 

139 

1,13(# 

1,425 

15,605 

110 

317 

560 

,, Denmark . 

4,500 

• 

— 

— 

21,170 

— 

— 

— - 


Certain details of the commercial treaty of 1918 between Norway 
and the United States ure of interest. Acccli'diifg to this Treaty, 
Norway had to su2)2)ly the Cnited States with 112,000 tons of 
nitrates, 10,000 tons t:)f calcium cyanamide,, and 30,000 tons of cal- 
cium carbide 2 XT annum, whilst she was only allowed to su2)j)ly to 
the Central Euro])ean Powers 10,000 tons of calcium carbide and 
8,000 tons of calcium nitrate. The dis 2 X)sal of Norway saltj)etre in 
Germany is controlled by the Norgesalpeter-Verkaufsgescllschaft of 
Berlin. 
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Norwegian industry was greatly stimulated by the War, as is 
shown by tlie rapid increase in the development of water powers. 
In 1911 the develoj)ed water ])ower amounted to 262,005 kw. from 
1,130 electric installations. More ])articularly, very large funds were 
mvested in Norwegian electrocliemical enterprises during the War. 
At tliat time tlie ])rofits in these branches of industry were very large. 
The ])osition altered when th(‘ War ceased. The belligerent countries 
had assimilated large stocks of nitrogen products originally intended 
for the manufacture of munitions of war. There was thus a difficulty 
in disposing of such j)roducts in the case of undertakings as large as 
Norsk Hydro. Tluirc was the additional difficulty that at the 
commeiK^ement of 1010 prit^es dro])})(Ml fairly rapidly. In sj)ite of 
these facts, the general o 2 )inion in 1010 was still o])timistic, and the 
prosjH'cts of nitrogen works were considered t(> be favourable, as it 
was f upposed that after a restriction of outjnit for two or perhaps 
three years, there would Ix' a revival ; it was soon found that there 
was no ground for such o])timism. Not only had 400 men to be 
dismissed from the large carbide works at Saude in November, 1010, 
but tlie manufacture of carbide at Odila and Bj()lvi»sfossen had to 
be complet(‘ly sto])j)ed. These two plants, how(*ver, are Norway's 
largest works for the production of calcium cyanami(l(‘. In con- 
sequence of incrcas(‘d fjrices, increased [mxiuction costs and ra])i(lly 
increasing wages, accomixinied ])y rcxluclion of vorlcing hours and 
decreast‘d output, and other causes, the West Norwc'gian heavy 
chemical industry is Jiow working under extremely difticult con- 
ditions wliich threaten luin to certain firms. ^ Vnd(*r th(‘S(' con- 
ditions, the j)rospccts of ('X]K>rting are very bad, as is cle^ar from the 
fact that in 1010 Swiss carbide was offered in Prance at 700 fr. per 
toi», and Norwegian carbide at 1,000 kr. jxt ton f.o.b. Hardanger 
IV)rt. It is very (|uestionable whether, under sucli circumstances, a 
suitable moment has arrived for thcovigorously deman(I(Ml socialisa- 
tion of the nitrogen fixation works of Norway. ^ In the juiddle of 
1020 the j)ric(‘ of Norwegian nitrate had riscji to 4S kr. jx-r 100 kg., 
as agaiiist 24 kr. in 1010, as the Government no longer assists the 
nitrate industry by sjx-eJal concessions, exce 2 )ting that the freights 
are redmed to one-hi.lf.^ 

c 

I 

Supplefnenf, 1021 24 

The situation of llic carbide w^orks is so bad that most of them 
have betm permanently closed down. Odda has been sold and is 

^ Ze.itsih. /. fiNffeiv. ('hetv.^ 1920, ii., 10. 

- 1919, ii'., 4:i4. 

3 Metallhorse, 1920, p. 1280. 
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now controlled by A.S. Tysse-Faldenc (phosphazote from calcium 
cyanamide and phosphorite). The Electric Furnace Products Com- 
pany at Saude has replaced carbide production by that of ferro- 
silicon since 1920 (Chem. Ztg., 1922,52 ; Chem. Ind., 1923 , 105, 156, 
321, 591 ; Met<iUhdrse, 1923 , 62). 

Norsk Hydro hope to have overcome their serious crisis of 1921-2. 
A maximum j)roduction of 100,000 tons of concentrated nitric acid 
has now been attained by the Rjukan Works, which now dispose of 
a total of 270,000 h.p. after the further addition of 25,000 h.p. 
(ChenL Zfg., 1923 , 95 ; 1924 , 36 ; Chem. hid., 1923 , 114, 270, 603 ; 
Mefallhomi, 1923 , 237 ; 1924 , 211). A national arc nitric acid works 
may possibly be erected {Chem. Zfg., 1922 , 404). 

The output capacity for calcium cyanamide in 1918 was esti- 
mated at 178,000 tpns ; the production of calcium nitrate was 

130.000 tons in 1921 and 156,000 tons in 1922. The exports in 1923 
were 1,1 16 tons HNOg ; 1,792 tons NH4NO3 ; 32,401 tons NaNOg ; 
1.674 tons NaNOg ; 157,558 tons calcium nitrate^ (Norge saltpetre) ; 
3,829 tons calcium cyanamide and 21,004 tons calcium carbide. 
The Norsk Hydro (\)mj)any estimate their ex])orts for 1923 to be 

100.000 tons Norge saltjieire ((’hern. Zlg.. 1922 , 691, 712 ; Chem. Ind., 
1923 , 321, 383 ; 1924 , 20 ; MelaUhors^, 1923 , 1078). 



CHAPTER V 


The Swedish Nitrogen Industry 

Swedish industry has also developed very rapidly during 
recent years, as is shown by the following small table, which gives 
the value of the outj)ut of the electro -chemical works at pre-war 


prices : — 





j Number of Eleotro- 
' Oheruical Workn. 

j Value of Out pul 

1 MillioiiH oi kr. 

Water-power in 
1,000 kw. 

1904 

! 8 

4-5 

9 

1908 

10 

i 7-5 

13 

1911 

14 

110 

25 

19l;i 

22 

20-0 

00 

1915 

;io 

1 31 0 

1 78 

1917 

75 

55 0 

120 


The unfavourable trans])()rt conditions in Norrland at j)resemt 
hiiider more rajnd dcvclojmwnt of large (drctro-chcjnical induslri(*s. 
The centre-point of tlu^ electro-^ ‘heinical industry now lies at Troll- 
hattan, in the south of the country, where at the end of 1908 
105,000 kw. were available ; this quantity' will probably be increased 
to 270,000 kw. after th(‘ Vaner Lake has been (controlled. 


The dcveloj)ment of Swedish water powers underwent a certain 
depression in 1919.^ The national •power stations provided the 


following quantities of energy : — *' 

Maximum 

l\)wcr Develop- 
ment in Million 

7k)w('r Slat ion. 

LojvO, kw. 

k.w.h. 

Trollhattan . . * . 

78,400 

425 

Porjus, three-phase current . 

9,400 

74 

Porjus, direvit current . 

8,200 

10 

Alvkarleby and Motala 

52,000 

204 

Other power stations . . ' . 

Increase or decreaf.e per cent, com- 

— 

2 

pared with 1918 

-4-4 

— 1-5 


The first extensmn of the Motala station was to be ready in the 
autumn of 1921, but the works at Lilia Edet find Narspranget were 


’ StM. Ind. BlfitL 1020, 1). 1401. 
i;j6 
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being carried out more slowly. The electrification of the Swedish 
railways is proceeding. Among the private water-powt^r stations 
Hemsjo provided 37,000,000 k.w.h., Giillspang-Miinkfors 27,000 h.p. 
(54,000,000 k.w.h.) and Stora Kopparbergs Bergslags A.B. 128-9 
million k.w.h. The steel works at Domnarfvet utiliusc 0,500 h.p., and 
the extension of Forshuvudfcrsen was to be finished in the second half 
of 1921. There were Government projects involving an expenditure 
of 22,705,000 kr. in 1920 for the further development of water power 
at Harsprang in the Luleaelf basin, and so forth. New water-power 
resources are available on the Umeaelf and the Tyttbo FalJs (Dalelf). 
In January, 1919, about thirty -five ironworks and other works 
in the Bergslagen district combined for the purpose of a joint 
administration and better utilisation of the available water power 
to form A.B. Bergsjagens gemensamma Kraftforvaltning with a 
capital of 1*5 million kr. This company has also accpiircd the 
Kvangeds Falls in Norrland. 

The oldest Swedish nitrogen fixation works is the Alby (iirbid- 
fabriks Akti(d)olag, which manufactures cakniim cyanamide in Alby 
by the Fraidv-t-aro process, and which, together with Odda in Norway, 
is tlu^ j)roperty of the North-Western (-yanamide Company. This 
latter company is closely connected with the Alby United Carbide 
Factories, Ltd., of London, and the Nitrogen Froducio and Carbide 
Co., Ltd., London, which definitely comlnned in 19J9. Before that 
date the majority of tlie shares of the Alby ('Omf)any (ea})ital of 
2*5 million kr.) and of its power supply com 2 )any, the Alb}^ Vattenfalls 
A.B. (110,000 h.p.), were acquired from their former English 
owners for a cash 2 >W*iicnt by the Stockholms Su])erfosfatfabriks 
A.B., so that the nitrogen industry is now exclusivc'ly financed by 
Swedish capital. Tlie interests of the Alby C-ompany and of the 
Stockholm Su])erf()sfatfabriks A.B., which owns a carlnde works at 
Trollhattan, Jiave been identical for a considerable period, and led 
to*the formation by both finfis of the Svenska Carbidkontoret at 
Goteborg, a joint-stock comjmny founded in D17 with a capital of 
100,000 kr. for the sale of carbide. 

By the absorptifm of the Alby A.B., the Nitroglycerin A.B., and 
other com 2 )anies, the Stock fiolm Su])erfosfatfabfiks«A.B., which had 
a capital of 30,000,000 kr. in 1920, has becoitie the largest chemical 
group in Sweden. In- 1910 the *A.B. Carlit ]for perchlorate manu- 
facture) and the A.B. Nitrogenium (for nitrogen fixation) were 
founded as affiliated comjianies, each with a^ share capital of 
2,000,000 kr., for the exploitation of Carlson’s inventiojis. The A.B. 
Nitrogenium erected four nitrogen fixation furnaces on Carlson’s 
system at Bjolvefossen in Norway. The Stockholm Superfosfat- 
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fabriks A.B. now manufactures not only superphosphates, but also^ 
calcium cyanairiide, ammonium sulphate, calcium carbide, ferro- 
silicon, })otassiiim, sodium, and barium chlorate, potassium, sodium, 
and ammonium perchlorate, cf)mpressed ammonia, sodium nitrite, 
sodiun] sulphate (crystallised and calcined), water glass, calcium 
chloride,* sulpliuric, nitric, hydrofluoric, and perchloric acids, 
metallic sodium and exjflosives, such as carlsonit, detonators, etc. It 
owns its own wood -distillation ])lant with ])y-product recovery, also 
pyrites and wolframite mines. The comjmny manufactures calcium 
cyanamide, not only in Trollhattaii and in the Alby Works, which 
tlu\y own, l)ut also in tlu' new Ljunga Works. The Ljunga Works 
are nanu'd after tlu* Ljungan River in Norrland, and only started 
to manufax^ture carf)ide in October, 1912, and calcium cyanamide 
at the commencement of 1913. On a smaller .scale, they decompose 
calcium cyanamide to produce ammonium sul])hate. They also 
own a small ])lant for the oxidation of ammonia to nitric acid and a 
small Jiirkeland-Ryde ])lant, Avhich is, incidentally, the only one in 
Sweden. The calcium cyanamide is [)rodnced in (Virlson furnaces. 

Th(‘ Alby |)lanl has been working continuously sin(‘e tJie summer 
of 1912. It is intended for an output of 12,009 to 15,000 tons of 
calcium cyanamide ])er annum. Alby and lYollhattan ])roduced 
4,307 tons of carbide in 1910 and 3,820 tons in 1911, and employed 
134 wf>rkpeo|)lc in the latter year. As Alby is close to Sundsvall at 
the mouth of tlu* Ljungan River, on the coast of the Gulf of Botlinia, 
it was to ])e anticipated that fit would combijie with the Ljungan 
Works of tlie Stockholm Sujjcrfosfatfabriks A.B. In 1914 8,000 tojjs 
of carbid(’ and 9.500 tons of calcium cyanamide were ju'oduced at 
Alby Works. Its carbide furjiaces. known as “Alby funiac(\s,’' have 
led tJie way in inany respeids. The Alby AVati'r J^)wcr ('ompany 
controls two jxmej* stations on tlie Ljungan, which j^rovide 35.000 h.p., 
and also owns certain wat(*r-j)ower rights. ^ Sw(*dis]i water power is, 
on the whole, slightly more expej)sive than that in Norway; power 
is to-day 2 )roduced in Trollluittau for a})out 50 kr. ])er kilowatt year. 
This small j)rice dilferenec', aiid the other general industriaJ con- 
ditions, have prevtaited the large-scale development of the arc 
process in Sweden, in spite of the close ])roximity to Norway. A 
nitrogen fixation process, due to Ph. Thorsell, was tried in an exjuTi- 
mental plant in li)12 and found practicable; as a result, Aktie- 
bolaget Kvafvcindustri w^as founded at Goteborg in 1913, with a 
ca])ital of 1,000,000 kr. in ordinary shares and 2,000,000 kr. in 
prefer(*nce shares, ‘to erect a works to operate tlu^ ju'oeess at Bohus 
near Goteborg. The process dej)ends on the intermediate formation 
^ K. Airnlt, ('hew.. Ittd.j 1919, Noh. 22-2.'{. 
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of cyanide. In 1915 the capital was increased to 3-7 millicni kr., and 
in 1916 to 8,000,000 kr. After overcoming numerous technical 
difficulties, manufacture was started on the large scale at the end of 
1914, hut in December, 1915, a considerable portion of the plant 
was destroyed by fire. It was not possible to resume manufacture 
until the spring of 1916. Dearth of materials, due to Die War, and 
manufacturing difficulties were so acute that in 1918 no product of 
the manufacture^ had yet been placed on the market. These works 
were originally planned to contain four batteries, each of f<jur furnaces, 
each of which was to produce 1,500 tons of ammonium compounds 
per annum. Early in 1920 two of these furnaces were working. 
Apart from ammonium sulphate, alkali cyanides, oxalic acid, am- 
monium nitrate and other nitrates were to be i)rodneed. The 
eompany is the ownei; of a special ammonia oxidation process. An 
affiliated company, tlu' A.B. Nitrat, with 140,000 kr. sliare capital, 
was formed in 1 91 8. In order to deal with the deartii of raw materials, 
the A.B. Kvafv('indnstri also undertook tlie manufacture of soda 
by th(^ old Leblanc process, but presumably this war-time industry 
will have to b(' relimpiished, in consecpience of falling price's and 
incr('as('d imi)orts. Dc^tails of the Thorsell process are kept very 
secret, although considc*rable quantities of ammonium sulj)hate 
j)rodiiced by the f)rocess have l)een marketed since tia l ud of 1919. 
Hi(' ])lant is SOOT) to bt' extended, as the manag(‘mcnt exj)lained that 
they could maijitain the cost of ])roduction at so low' a figure that they 
could com|)etc w ith every other nitrogenous fertiliser. Ac(‘ordingto 
tlu' statement of tiie management, the expensive exjieriments which 
were carried on since 1912 enabled the process to be worked out 
satisfactorily in every detail. Unfortunately, towards the close of 
1920 th(' w'orks had to close, as it w'as practically inij)ossil)le jto 
carry out the proposed increase of capital.^ 

The ])rocess of tlu' A.B. C^^anid was adopted by A.B. Troll- 
iiattans ('vanidverk, founded in 1910 with a caj)ital of 500,000 kr. 
The A.B. (;vanid was formed in Stockholm in 1915 with a capital 
of 300 000 kr., in order to follow^ up on a large scale the experiments 
of IJndblad on the production of alkali cyanide, ammonia, etc., from 
alkali carbonate', carbon and nitre>gcn in the ideclric> furnace (see 
German Jkitent 293,904), which were carriefd out at The Sandsta 
Elektriska Smaltverk.- The nuinufacture of other nitrogen com- 
])ounds is also contemplated. A.B. Trollhattan Cyanidverk utilises 
2,000 kw'. 

^ • 

In 1916 A.B. Elektrosalpeter w^as founded in Stockholm with a 

capital of 3*2 million* kr. to erect a wT)rks at Stallbacken, near Troll- 
1 ZeitscJi, f. angew. Chem., 1920, ii., 460. 
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hattan, for the production, in the first instance, of 7,000 tons of 
concentrated nitric acid, and of sodium nitrate as a by-product, 
utilising the process of the Norsk-hydro (Birkeland-Eyde). The 
Swedish Waterfall Administration entered into a contract with the 
/company, according to which the works of this latter should receive 

12.000 hw. from the National Power Station at Trollhattan from 
January 1st, 1918. The result showed, however, that the working 
costs would be too high, owing to the excessive cost of power, 
to ensure profitable manufacture ; the agreement for power 
supply was therefore cancelled, and the works were not erected. 
Proposals to create an air nitrate industry in Sweden have, 
however, by no means been abandoned. On the contrary, the 
Government considers the stimulation of this industry to be 
extremely necessary, if only for considerations of national defence. 
It has, therefore, given the A.B. Elektrosalpeter a first call on 

50.000 kw. from the first development of the jiroposed power station 
on the Harspranget Fall (105,000 kw.) and a further 18,000 kw. from 
the second development of this fall. The company proposes to 
produce 30,000 to 35,000 tons of calcium nitrate jier annum, in order 
to cover the annual Swedish requirements. At the commencement 
of 1920 A.B. Elektrosalpeter had not yet decided whether it would 
utilise the Harspranget or tlie Porjus power station. The first 
development of the Harspranget Falls, which should have been 
completed by 1923 -24, and for which 13,000,000 kr. were required in 
1924 alone, has in turn been nu^de deiiendimt on the erection of works 
by the ElektrosalpetcT Comjiany 

So-called ‘‘ convcTsion saltpete' " is produced by the Gyttorp 
Powder Works, owned by the Nitroglycerin A.B. Apart from 
oe^'-asional annoinu^em(‘nts, nothing further has l)een heard of the 
new nitrogen fixation process of T)r. Tissell and Hr. J. Cederberg. 
Moreover, nothing further has beer^ heard of the conclusions of the 
(/ommission of Experts appointed in* 1919 to study methods of pro- 
duction and working costs of synthetic nitrate manufacture in 
Sweden. 

A new ammonium nitrate explosive, called “ normellit,’’ was 
invented in 1 91 5,by the engineer, W ulff Normelli. A more imjiortant 
develoimient is that of C. Aberg, of Hidsingborg, who proposes to 
utilise the carbon monoxide evolved in the- production of carbide 
for calcining the necessary lime. It is said that the new process, 
which saves 70 per cent, of the fuel, could easily be installed at 
very slight expense. ^ A solution of this old problemi, which is inter- 
connected with the method of charging the furnaces, suitable methods 
1 Zeitsch. f. angew. Chein., 1919, ii., 314. 
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of enclosing them and of freeing the gases from dust, is greatly to be 
desired. 

A.B. Kvafvegodning of Stockholm, founded in 1915, is essentially 
concerned with the trade in nitrogenous fertilisers. 

The industry of refrigeration and of liquefied and compressed 
gases is fairly well developed in Sweden ; many experiments have 
also been made on blasting with liquid air. In 1917 the capital of 
the Solleftea Syrgasverk A.B. was 101,000 kr. 

Sweden, which contains 52,000 sq. km. of moorland, has large 
peat resources, and the exploitation of these has been very greatly 
extended. According to investigations of the Peat Commission, 

1.250.000. 000 tons of air-dried peat could be obtained in Central 
and South Sweden alone. The development of the enormous moors 
of Norrland is difficult, on account of the short duration of the local 
summer ; no suitable method of exploitation has yet been found for 
the extremely large district of Vitmossa in Central Sweden. In 
1913 Sweden consumed 64,974 tons of peat and 2,210 tons of powdered 
peat. In 1916 these figures had altered to 84,330 and 1,188 tons 
resijectively. In 1915 Svealand and Gotaland produced 90,000 tons, 
in 1918 450,000 tons, and in 1919 350,000 tons of peat. 

With regard to heating value, 400,000 tons of peat are approxi- 
mately equivalent to 180,000 tons of coal. Sweden, tin ^‘ore, offers 
a jiromising field for the gasification of peat, which has, as yet, 
hardly been attempted in that country. In 1918 the Sydsvcnska 
Torfindustriforbundet was formed in Malmo with a capital of 

2.000. 000 kr. ; this company owns moors in Schonen and Smaland. 
The administration of the Swedish State Railways has recently 
carried out experiments with a peat gas jiroducer of C. G. Halberg, 
of Helsingborg, which are said to have been very successful.^ 

The distillation of oil shale has been undertaken, amongst others, 
by the A.B. Svenska Skifferverken, with a capital of 5,000,000 kr., at 
Lamina (Hidinge, in the parish of Nerika) ; for the present, this 
company proposes to treat 50,000 tons of shale annually. Nothing 
has so far become known with regard to the production of ammonia 
as a by-product. The shale depovsits arc said to be practically 
inexhaustible. The production of coal in Sweden in 1913 was only 
320,000 tons. - * 

Reports on the new plant of the Varta Gas Works in Stockholm 
are of much interest ; it was decided to rcouild and extend the 
plant in 1913. The retort-house contains a battery of regenerative 
horizontal retorts with central generators on the^Koppers system. ^ 

1 CMm. Ztg., 1918, p. 439. 

* Pamphlet of the firm of H. Koppers, 1920, No. 2. 
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The new ammonium sulphate plant deals with about 60 cu. m. of 
gas liquor, containing 2 per cent, of ammonia, per twenty-four hours. 
The wrought-iron saturator is not only lead -lined, but is also lined 
with a double layer of acid-proof stoneware. Pure suljdmr is obtained 
from the waste gases by partial combustion in Claus ov(?ns. The 
ammonium sulphate is hydro-extracted, and then transported to the 
storage/bins by means of a bucket conv'eyor ; the storage ])ins are 
constructed entirely of wood, and can l)e filled to the roof. The 
hydrogen sulj)hide evolved from the carbon dioxide separators is 
also converted into sulphur in Claus ovens. ^ Tlie Swedish 2 )roduction 
in tons in recent years is shown in the following table : — 

I 191:1. I 1914. I 1915. I 191(). 


Aqueous ammonia, calcu- 
lated as 20 ])er cent. . 760*0 720*0 827*8 1,145*8 

Ammonium nitrate . 640*8 561*8 618*8 684*1 

Ammonium sulphate . 1,876*7 1, 510-8 1,618*7 1,840*8 

Ammoniacal liquor . i — 8.072*8 8,606*0 5,088*5 

Calcium carbide 21,882*0 82,445*8 86,857*1 

Potassium nitrate . . j — i — — 181*6 

Nitric acid, cahmlated as I 

100 2 )^"r cent. . . ! — j 2,470*0 1,860*1 l,i)07*0 

Compressed gases . . | 1,166*0 j - - - 1, 48(5*2 

I i 


The im})orts in 1018 and 1016 Avere as follows : — 

1913. 191 (5. 

'Pons. I’oiis 

Ammonium sulphate , 87*8 . . 1,402*1 

Ammonium nitrate. . 62*4 .. 148*4 

Alkali cyanides . . 7*6 .. 18*1 

Compressed gases . . 84* (> . . 28*4 

Potassium nitrate . . 800*2 . . 8*5 

Aqueous ammonia . .• 104*7 .. 282*0 

Nitric acid . . . * 87*6 . . 2,720*5 

Tlie ijn ports of Chile nitrate Avere : 85,107 tons in 1012 ; 83,802 
tons in 1018 ; 4 1, (>94 tons in 1014 ; 1,208 tons in 1018 ; and 28,219 
tons in 1010. The (‘xports of carbide in 1018 were 2,784 tons; from 
January to .October*", 1010, the exports Averc 2,481 tons of carbide ; 
the ex])orts of calcium e.A anamide were 885 tons in 1018 and 1 ton 
from flanuary to October, 1010. 

The carbide ])roduction of Saa^hIcii in 1018 was 51,000 tons, of 
which about 21,000 tons were utilised by the calcium cyanamide 
works for the j^roduction of about 27,000 tons (rf calejum cyanamide. 

^ Journ. f. GasbeK 1918, pp. 205 et stq. 
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The Carbide Production Commission proposed to postpone the 
extension of the calcium cyanamide works, as such extensions would 
have been very expensive, and 2 )resumab]y their oom 2 )letioii would 
have been long deferred. The remaining 30,000 tons of carbide are 
available for lighting, for industrial purposes, and for export. As, 
however, the total consumption for tlie latter purpose^ in 1018 and 
1919 was 34,700 tons, the production is not nearly sulHeient. In 
order, therefore, to increase the production, in 1918 the State appro- 
priated the 2 )lant of the Vargons A.B. at Rannuin, which was manu- 
facturing ferro-silicon for exjwt, and converted it by August 1st, 
1918, into a plant for the annual production of about 12,000 tons of 
carbide. The annual Swedish i)roductioji of carbide slioulcl therefore 
now be about 63,000 tcjiis. Before the War about 1,600 tons were 
exported per annum. 

Bt'i’ore the War J^:)rwegian nitrate was seldom imported, as it 
was l^urdemul with an import duty of 15 })er cent. This w as removed 
in 1919. During the War international agreements between tlie 
Scandinavian countries ensured an annual delivery of 10,000 tons of 
Norwegian nitrate, and, in addition, Swedish agriculture was sup])lied, 
on the average, with 20,000 tons per annum of caltaum cyanamide 
and otlier nitrogenous fertilisers produced w^ithin the country. 

Prices w'cre coiitrolled by a ISiational Eeonomii* (on > ission. In 
November, 1919, Norwegian Jiitrate cost 46 kr. j)er 100 kg., containing 
13 ])er cent, of nitrogen, free at 2 )ort of entry, wliilst 100 kg. of ('bile 
nitrate, containing 15 ])er cent, of nitrogen, cost 55 kr. Thus the 
price per kilogram of nitrogen w^as 3-54 and 3-()7 kr. r(\s 2 )eetively. 
The 2)rice of (Jhilc nitrate drop 2 )ed in 1920 to 36 to 3!) kr. 2 >er 100 kg. 
c.i.f. Gotenburg, or about 47 kr. per 100 kg., fr(‘e d(‘livery. In 1914 
ammonium sulphate cost 24 kr. per 100 kg., and in 1920, to tlie 
agri(mitural consumer, 55 kr. In the chcjuical trader it cost as juueh 
as 95 kr. Ammonium nitrate varied in price from 52 kr. ])er 100 kg. 
in 1914 to 109 kr. in 1917, and 6^ to (i2 kr. in P.)20. 

Tlie price of concentrated niTric acid rose from 30 la*, per 100 kg. 
in 1914 to more than 62’70 kr. in 1917, and 70 kr. in 1920. It is an 
interesting fact that in Sweden in 1918 Norwegiaii carbide w as 50 2 )er 
cent, dearer than domestic carbide. It cost li kr. pi'r kilogram, 
coni 2 )ared with 1 In'. 2H'r kilogr.im for tin' Swanlisfi [maiuct. 

For S2)ring deliveries in 1919 the kilogram 2)cr(^entage of nitrogen 
in calcium cyanamide cost 3*35 kr., whilst foi autumn sal(\s it cost 
2-25 kr. Meanwhile the producers were guaranteed a considerably 
higher 2)ric5e by the State, namely 4*45 kr. 2 )cr kilwgram of nitrogen 
in August, 1919. Thj' diftereiice of 2-20 kr. is 2)aid by the Govern- 
ment as a bounty, and this amounts to 39-60 kr. 2 )er 100 kg. of 18 per 
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cent. calciiCm cyanamide, or about 4,000,000 kr. in all for a total 
autumn delivery of about 10,000 tons. In 1920 the kilogram per- 
centage of nitrogen in calcium cyanamide cost 2*95 kr. 

The rapid industrial development of Sweden is also shown by 
the statistics of fresh capitalisation during corresponding half-years 
of 1917 and 1,918 ; these were as follows : — 

In the first six months of the year 1917 : — 

625 new joint-stock companies, with about 188,000,000 kr. 
capital. 

In the first six months of the year 191 8 : — 

745 new joint-stock companies, with a total capital of about 
285,000,000 kr.. 

Supplement, 1921-24 i 

(Carbide production suffered through the bad exchange con- 
ditions, and the production was very mucli reducc'd, but the Alby 
Works (calcium cyanamide) liave worked at full capacity since 
August, 1922, for the foreign market, and the Ljunga Works have 
worked at full capacity throughout (Chem. Ztg., 1923 , 95, 479 ; 
Chem. Ind., 1923 , 313, 378). 

The smelting works of the Wargdns A.B. at Rannum are at 
present experimenting with a new metluxl of cyanamide pro- 
duction due to Lidholm, for which licenses have l)een granted in 
Germany and the United States {Chem. Ztg., 1922 , 215, 720 ; 1923 , 
76, 248). 

The A.B. Kvafve-lndustri of Goteborg lias not so far succeeded 
with the Thorsscll method of fixing atmospheric^ nitrogen as cyanide, 
and went into liquidation in June, 1922. At the end of 1923 negotia- 
tions wcn*c undertaken for the sale of the foreign rights {Chem. Zig., 
1922 , 624 ; Chem. Ivd., 1924 , 23). 

The production in 1919 was 925 tons of aninionium suljihate and 
13,1 15 tons calcium cyanamide. The (^xjiorts in 1922 were 65 tons 
ammonium nitrate, 4,730 tons ammonium suljihate, 10,740 tons 
calcium carbide, and 3,689 tons calcium cyanamide. The imports 
were 20,179 tons Chile salti^etre and 17,640 tons Norge saltpetre. 
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CHAPTER VI 

The Swiss Nitrogen Fixation Industry 

In order to understand the 2 )rescnt condition of chemical 
technology in Switzerland, one should first turn to the article by 
F. Wintcler which appeared in the Nene Zuricher Zeitu7ig oi 1918, 
Export Supplement No. 8 (February 27th, 1919). ^ 

It is very obvious that the first necessity for a stable nitrogen 
fixation industry is chea]) and abundant i)ower, and it is equally 
obvious that in the case of Switzerland this can only be provided by 
the development of its waterfalls, the centralised exj)loitation of 
which has therefore been the aim of the Government. 

Before the War the cheapest 2 )ower stations in Switzerland (*.ost 
500 fr. ]X'r horse ])ower, corresponding to a minimal j)ri(^e of 62*5 fr. 
2)er horse-power year. This figure is certainly more exact than thfit 
given by C. Dux in his book ‘‘The Aluminiuminrlu^’f»‘l'^ A.G. Neu- 
hauscui und ihre Konkurretizgesellscliaften/’ of 13 fr. 2 )tT horsc- 
2 )ower year, and only 200 fr. per horse- 2 )OW(T installation costs. At 
a 2 )rice of ()2-5 fr. per horse 2 )ower year the kilowatt hour (;osts about 
I C(uitime. F. Winteler cites in his 1km >k for com 2 )arison a Norwegian 
nitrate works utilising 10,000 kw. Apart from the e^lectric generating 
2)lant and working (;a 2 )ital, but including cost of land, engineering 
works, building and interna] construction, he estimates the (;ost to 
be about 4,000,000 fr. in all, or about 400 fr. per kilowatt— tliaUis, 
60 fr. 2 )er kilowatt year. The kilowatt hour thus costs 0*69 centime, 
that is, the 14,000 k.w.h. whifch are required for the 2 )roduction 
of one ton of concentrated nitfic acid from the air (^ost 96*6 fr. * 
The other manufacturing costs, such as wagers, re 2 Kairs, 2 )acking, 
amortisation, administration, and so forth, amount to a total of 
800,000 fr. for an installation consuming 10,000 kw. annually. Tlie 
cost of 2 >roduction 2 >er ton of concentrated nitwe a^'id in Norway is 
given at 300 fr., so that about one-third of this must l*e debited to 
the cost of power. Before the War the salt^ j^rice of this acid was 
about 500 fr. Such a plant, therefore, would only seem to be 23rofit- 
able when the cost of a kilowatt hour was less than 2 centimes. The 

1 See also F. Winteler, V Die heutige iiidustricllo Elektr* )c}ieniie ” (“ The PrcRont Indus- 
trial Electro-Chemical Industry’’) (Zurich, 1919, Kuschcr & Co.). 

A.N. 
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bases of calculations are, of course, only approximately true 

to-day ; but the values which are given still retain their importance as 
ciomparative figures, more especially as the individual factors can be 
applied in part to German conditions (2 centimes — 1-6 pfg. at pre-war 
rate of exchange, or about 14 pfg. at the rate of exchange of July 
22nd, 1920). , 

In view of the fact that transport conditions in Switzerland are 
more favourable than those in Norway, a consideration of the above- 
mentioiKHl figures leads definitely to the conclusion that, under certain 
eirciinistances, even the arc process, with its very large demand for 
j)Ower, could be profitably worked in Switzerland ; moreover, the 
further develo})m(uit of the water powers introduces numerous 
possibilities. But the high degree of develojnnent of Switzerland 
itself leads to various difficulties, in so far as the general economic 
interest is everywhere in conflict with the national appreciation of 
natural beauty, with feelings of attachment to the soil and with the 
interests of the tourist industry. The Falls of the Rhine could easily 
be further utilised, the Silser Lak(‘ in the Upper Engadine could be 
utilisc‘d, the Al])ine Valley of Andermatt could be (converted into a 
lake l)y means of a dam, a fall of 300 m. (*ould ])e obtained from the 
Aegeri Lake by a tunnel tlirough the Zuger BcTg to the Lakt‘ of Zug, 
the Ritoru l^ake in the (h-nton of Tessin c-ould easily l)e developc^d, 
and the conditions are also favourable in the ease of the Mutt, Lun- 
gern and Stoekhorn Lakes ; numerous further instancies of un- 
developed water power could l)e mentioned. Many of these plans, 
such as the outlet from the south of the Silser Lake, which Juay be 
considered more or less as a high-level reservoir ])larin('d by Nature, 
would almost eipial, in out])ut and magnitude, Rjukanfos itself. A 
generally satisfactory compromise between regard for natural beauty, 
oh the one hand, and the economically desirable utilisation of the 
water powers, on the other, has not yet been found, and few of these 
projects are likely to be developed i'n the near future. The develop- 
ment of the Ritom Lake alone is proceeding or finished. The ])lans 
for till' develo])nient of tlie Axgeri or Silser Lake, or the damming of 
the Andermatt Valley, point to a price of about 300 fr. j)er develoj)ed 
kilowatt (1919) — that is, 0-5 to 0*6 centime j)er kilowatt hour — 
whereas, for (‘xainph\ the ru^w ])ow(U‘ station at Eglisau providers j)ower 
at 1,200 fr. per kilowatt, or 2 centimes ])er kilowatt hour. H. E. Fierz ^ 
estimates the total water power which could be d(‘V(do])ed in Switzer- 
land at about 4,000,000 h.])., which is in agretunent with the estimate 
of the Federal Hydrograj)hic Bureau.- In general, Fierz takes a 

^ X(tu4i Zurkhe.r ZUj. Erportbailage, Kom. 5, (), lA bruary, 1919. 

? lljid.f Nos. 20, 22, May, 1919. 
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much less optimistic view of the future ^of the Swiss •atmospheric 
nitric acid industry than Winteler. He j^rophesics “ a gentle death ” 
for the beautiful process of Serpek, which has been studied in Switzer- 
land. Power requirements are as follows : — ■ 


1 ton concentrated nitric acid 
I ton calcium carbide . , 

1 ton aluminium . 

1 ton sodium 


K.w li. 

13,000 to 14,000 
4,500 

35.000 

17.000 


In view of the lively interest with which these questions are 
regarded in Switzerland, the Year Books of the Swiss Wasserwirt- 
schaftsverbandes ( Water Power Association) are of special interest. In 
1917 the Bcrnische Kraftwerke A.G. erected a ferro-silicon 2 >hint at 
Oey-Diemtigen, near their power stations at Spiez and Kandergrund ; 
under certain circumstances, this may at a later date be converted into 
a. fertiliser works. The same firm is about to undertake an enormous 
new entcT])rise, the (Trimsc'l Works, ^ which is to devcdop the water 
powers of the Aar, from its u])pc^r portion in the Haslital, and down- 
stream as far as Innc'rtkirchcm. At the source the natural outflow 
of the Biichli glacier will be dammed, forming a lake of 3*2 million 
cu. m. available ca 2 )ac;ity. Prom there the water will flow into the 
large C^rimsel Tiake, which is to acquire^ an available • ij.Mcity of not 
less than 55-0 million cu. m. This will be the largc'st collecting 
basin on the whole works, and will be produced by building a dam 
150 m. long, 3-8 m. wide at the crest, 80 m. wide at the base, and 
99 i!i. high. This dam will requife 258,000 cu. m. of material. 
The water from the Grimsed Lake will flow to a powcT station at 
Guttannen, which is to supply appro ximatedy 120,000 h.p. The 
sc'cond stage is to fecul a powc^r station at Innertkirclien with a])proxi- 
matedy 90,000 h.p. The possibility of suj)plying seasonal pflwer 
during four and a half months of the year has received special con- 
sideration. A further large wafter-power jdant to suj)ply 20,000 h.p. 
is to be built at ( )bertoggenb?irg and on the Walensee. The exjxu't 
of electrical energy to places abroad is controlled by an order of the 
Bundesrat of May 15th, 1918. An equalisation of the load, 

and a consequent utilisation of energy from these large electric 
installations, may, it is hoped, be provide^l* by* extpnsion of the 
electro-chemic;al industries, with their uniform current requirements. 
In 1920 the Swiss j)ower stations united to f4)rm the Schweizerischen 
Kraft ubertragung A.G. and S.A. TEnergie TOuest Suisse. 

The inaugural dissertation as Lecturer of Dr. C. A. Agthe in 
Zurich in 1918 on The Importance of the Nitrogen Question and 

^ Vmschau, 1920, p. 21.'). 
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its Solution 111 Switzerland,” gives a broad outline of the development 
of the Swiss nitrogen fixation industry.^ Before the War 2,000 to 
4,000 tons of (Jhile nitrate were imported annually for Swiss agri- 
culture (imports of Chile nitrate: 1913, 3,328 tons; 1914, 2,280 
tons) ; there were also imported about 1,000 tons of nitric acid and 
500 to 600 U'lis of nitrite for industrial purposes. The internal 
manufacture of nitrogen compounds was undertaken at a com- 
paratively late ihitc. Th(' Aluminium -Industrie A.G., Neuhausen, 
were tlie first to prodm^c nitric acid from the air in their works at 
(^hi])])is by Moscicki's ])rocess. During the War a works was erected 
at Bodio hy the Nitrum A.C., who manufaetun' nitric acid by their 
own process, and also small quantities of nitrat(' and nitrite. 
Bodio, in the ('anton of Ticino, sujqilies dilute nitric acid 
only, which is concentrated for the manufacture of explosives at 
(Uiippis, near Siders, in the Rlione Valley. Tlfe i)rodiiction at both 
works was under the control of the Government. The n*quir(‘ments 
of the Munitions Section of the Swiss War l)e 2 )artment could be 
readily covered, but considerable quantities for the ])urposes of 
private industry were onl y ^^vailable after 1918. During the first 
half of 1914, there was a fairly considerable export of nitric, acid, 
equal to the export of the previous year of about 1,000 tons, but 
naturally this was sto])])ed at the outbreak of war. During tlu' War 
jiitrates were only produced in small quantities, although limestone 
deposits were available, and the sodium carbonate jmxluction of 
the works at Zurzach was being utilised for tiie ])roduction of 
synthetic nitrati'. Although at that date nitric acid was the 
main product, for purposes of national defence, these' conditions 
liave c<nn2)l('tcly changed in the interval, and nitrates arc now 
])r9du(ied. 

The application of tlic Haber-Bosch prex^ess is not at present 
beiing considered, as it requires more fuel, and, moreover, electric 
2 >ower is of sec*.ondary imj)ortance oply for the pur 2 )ose. Whether 
the j)rocess may be adapted later to such different (jconomic con- 
ditions is a qiK'stion which need not be discussed here. 

Tile calc;ium cyanamide i)rocess is more suitable for Switzerland, 
although it must be remembered that the necessary coke has to be 
supplied from abroad, and that considerable quaTitities of steam are 
required if the product is to be converted into a-mmonia. 

Until direc'.t methods of electrically luxating steam boilers have 
been jx'rfected, fu(*l is also necessary for this purpose. The poor 
supj)ly of coal to the gas works and the small imports combine to 


^ Chem. ZUj.y 1918 , jj . 432 . 
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make the synthetic manufacture of ammonium sulphate or other 
ammonium salts in Switzerland very desirable. 

According to Agthe these conditions may render it advisable to 
examine a suggestion of Guye, who proposes to reduce, nitrogen 
oxides with hydrogen at 250"" to 300" C. to form ammonia, ^ using 
nickel as a catalyst. The economic feasibility of tliis process on a 
large scale still remains, however, to be })roved. 

The first producer of calcium cyanamide in Switzerland was the 
Societc des Ih'oduits Azotes, of Paris, a French company, in a plant 
at Martigny on the Rhone, in Valais, which operates according to the 
Frank-Caro system, and had an output capacity in 1912-J3 of 8,000 
to 12,000 tons of cakium cyanamide. In 1918-14 tlie Elektrizitats- 
wi^rk Lonza A.C. erected a wT>rks at Gam pel, at tlie confluence of 
the Lonza with the Rlione, in Ganton Valais, at which calcium 
cyanamide is manufactured by the Polzeniiis ju'oeess. As is well 
‘knowii, the c()m 2 )J^tny is allied with the German nitrogen fixation 
interests tlirough the plant at Waldshut. The (fottliardwerke A.G. 
fiir FIektrochemisch(^ Industrie at Bodio, on tlie southern slope of 
the Gotthard Railway (Ticino Valley, Canton Ticino), })roduce both 
ferro-alloys and carbi(l(\ 

NitrogcMi fixation by the arc proc(*ss a])j)ears to be the im^thod 
indi(;ated for Switzerland, particularly in view of tJie possibility of 
producing ammonia and therefore ammonium nitrate by the Guye 
process. Extensions of the present installations are, however, 
necessary in order to cover the Sv^ass requinmumts for nitric acid, 
nitrates, and Jiitrite from internal sources. For this purpose about 

85.000 h.]). would be necessary. Should the demand be doubled in 
course of time, 55,000 h.p. might suffice, whilst in 1918 a total of 

500.000 h.j). was available. An additional 148,000 h.j). were in course 
of development on January 1st, 1918. 

A consideration of Swdss ^nmditions (mi 2 )hasises the vitality of 
the calcium (jyanamide jwow'ss, and als(j shows tliat under ^such 
conditions as hold in Switzerlaml, Norway or Sweden, the develoj)- 
inent of the HalxT-Boscdi ])rocess can scarcely be considered. For 
the sup2)ly of animonia in these countries there remain the distilla- 
tion of gas liquor, the gasification of ])(‘at, oil^shaje, etc., and finally 
the decomposition of calcium cyanamide, 'a])aTt fnfm any future 
jDros|)ccts of the Guye piY)cess. The utilisation of (dectrically heated 
boilers, which must, however, necessarily* w^ork economically, or 
the discovery of methods of further transformation into 2 )roducts of a 
more favourable character from the jK)int of view of heat economy 


Halcetica Chemira Ada^ May, 1918 ; ('ham. ZUj.^ 1918, p. 27.‘{. 
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(production *’of urea, etc.), would be ,of great importance to the 
calcium cyananiide industry, and also to the newer cyanide pro- 
cesses. 

The Aluminium Industriegesellscliaft, Neuhausen, was formed in 
the year 188S-89 by the union of the Schweizerische Metallurgische 
Gesellscliaft of Neuhausen, on the Falls of the Rhine, with the 
Allgerneine Elektrizitats Gesellscliaft of Berlin, directed by Emil 
Rathenau. In J898 the new company was converted into a joint- 
stock comjiany with a capital of 10,000,000 fr., which was raised in 
1913-14 to 31,000,000 fr., and during the War to 52,000,000 fr. 
The net profits earned hy these w^orks in tlu' last few years were 
very large. ^ 

In 1905 the eompany ac(xuired valuable water rights on the 
Rhone and on a small tributary, the Navigence, which flows into the 
former river opposite Siders. In order to utilise these water jx^wers, 
the works at (^hijipis were built, which are the largest works of the 
Aluminium-lndustrie A.G. According to K. Arndt, 100,000 h.p. are 
available at Chip])is alom*. In 1908 th(' Aluminium Industrie A.G. 
approached Ign. Moscicki with a view to the a(;(|uisitiou of his nitric 
acid 2 >r()cess. In August, 1908, an agreement was signed in which 
Ign. Moscicki undertook to tTect an atmospheric nitric acid plant, 
with accomjianying absorption jilant, for the jmxluetion of 2,500 
cu. m. per hour of nitrogen oxides from the (‘lectricaJ furnaces 
(I. Moscicki, “ Nouveaiix disjiositifs d 'absorption de grandes quan- 
titAs de gaz," Chim. et Industrie). Towards tJie end of 1909, after 
overcoming initial difficulties, and as soon as it had been shown that 
the jilant would work continuously with success, it was (considerably 
enlargc'd. The concentration of the dilute nitric acid was found very 
troTvblesome, and a satisfactory nudhod of coiKccaitration was only 
discovered after a considerable time. In 1915 the Nitrum A.G. w^as 
formed in Ziirich ; certain Germaji tcompanies, more particcularly 
Gri(\sheim-Elektron, took a leading part in its formation. The 
Nitrum A.G. has now a nitric acid j)lant at Bodio. wdiieh mainly 
produced dilute nitric acid during the War, but now' manufactures 
calcium nitrate and sodium nitrate. Au ex])losion occurred in 1921. 
As the manufacture ealeium eyanamide entails about 3| kg. of 
coke per kilogfam of fixed nitrogen, and the coke has to be importced 
into Hwdtzerland, the production of nitrate from Swiss limestone and 
Zurzach alkali is in many resjiects more favourable. Towards the 
end of the War the works at Bodio increased their 2 )roduction by 
utilising additional water i^ower from the Ritom Lake. 

The history of the Swiss carbide industry starts as far back as 
^ K. Arndt, Chem. Jttd., J910, Ntm. 22’ 23. 
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1896, in which year the AluminiumgcselLschaft at Neiihliuscn built 
the first -carbide furnaces. The first cyananiide factory was erected 
on the Rhone by the Societ6 des Vroduits Azotes of Paris, and pro- 
duccnl 8,000 tons of calcium cyananiide from domestic and foreign 
carbide in 1912. In 1913 the output was increased to 12,000 tons, 
but was, however, interrupted for a consitlerable period*after August, 
1914. 

The electrical works of the Lonza A.G., Kasle, was founded in 
1 898. Its foundation was due to the initiative of tlie Schuckertwerke, 
and started with the manufacture of carbide at Gam pel cm the Lonza 
and the Rhone. Tlie directorate of the Lonza A.G. comi)rises six 
Swiss and ttiree Germans. In 1917-18 tlie shaT(' capita] amounted 
to 24,000,000 fr., of which the majority was in Swiss hands. The 
German capital was^ invested almost comj)]eteIy in the afliliated 
undertakings at Waldslnit-i.-Ji. and Spremberg, whilst tlie reniainder 
of th(‘ ca])ital is fuvdoniinantly Swiss, and to some extent French. 
Tn 1918 tJie coni])any controlled more than 75,000 li.p., which is, 
however, to be greatly in(T(^as(‘d shortly.' 'Inhere are works at 
Gam])(4, Thiisis, Visj). Waldshut and Spremberg. I'husis and 
Sj)remberg are entirely devoted to tlu^ j)roduction of carbide ; Gainj)el 
and Waldshut also produce calcium eyanamide l)v the Polzenius 
proc(‘ss ; and Visp also j)roduees considerable cjuanti ties of alcoliol 
and so forth from (carbide It is estimated that during the War about 
()0 to ()5 per cent, of tlu' output of Lonza was export(Ml to the ( Vntral 
Powers. ^ 

The j)r()duction of calcium eyanamide of the Lonza werke 
Elektrocheinisehe Fabriken G.m.b.H. at Waldsliut-i.-R. was con- 
sidcTably extended witJi tJie help of financial sup])ort from the 
German Government. The Lonza A.G. of Basle werc^ inttuvstej^l in 
these works to the extent of 4*65 million fr. in 1915 16. The works 
at Visj) have been ronsid(*rab4^ extended during the last few years 
by means of an expenditure nf 9,600,000 fr. Since 11)17 they have 
produced alcohol, and since 1918 -19 they have also produe(‘d acetic 
acid from carbide by the ]>roeess of the Kemsortium fur Elektro- 
•chemische Industrie of Munich. The annual production of 7,500 tons 
of alcohol is iu be increased to 10,000 tons, September, 1919, the 
directorate inspected the new w^orks on the occasion oPtlaur inec'ting 
at Brigue. At that time 100,000 litres of alcohol had already been 
manufactured. At a price of 45 fr. for coal at Vis]), the Lonza A.G. 
is prepared to deliver to tlie Swiss Government absolute alcohol at a 
price of 555 fr. per metric ton. The (xovernmenl has granted to the 
Lonza Works a concession for the manufacture of alcohol from 
^ Ztitsch. f. UNijeiv. Chfni.^ 191 S. lii., ,‘U5. 
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carbicU^ for* tJie next twenty years. The manufacture of acetic acid 
has been carried on since November, 1917 ; 80 to 100 tons of acid of 
99 to 100 per cent, purity are to be manufactured per month. In 
1920 the Lonza A.G. met with dilficulties due to the general economic 
position, ajid the j)lant had to be closed. The works at Thusis and 
the water-po\Ver rights in the Grisons have ])een acquired by a new 
company, the llhatische Werke fiir Elektrizitat in Thusis.” A 
transmission line runs from Vis]) to the Lake of Geneva. Manu- 
faciture of alcohol has been discontinued for the present on account 
of the enormously increased price of coal, but the manufacture of 
acetic acid and other products continues and is found to be 
profitable. 

The Got t hard werke fiir Elektroehemische Industrie of Bodio 
were financed by the A.G. Motor of Baden, Switzerland, and by 
a German group (Siiddeutsche Diskonto A.G. and L. Weil & llein- 
hardt A.G. of Mannheim), both j)arties being equally interested. 
They produce almost the same scries of ])roducts as tJie Lonza 
A.G. — namely, carbide, ferrosilic(in, artificial abrasives, graphite, 
and so forth. By far tht‘ greater ])art of their j)roducts were exported 
to Germany. 

IJm’ing the time* of the greatest coal famine, acetylene was used 
in Swiss gas works, either alone or mixed with wood distillation gases, 
in order to increase the gas supplies.^ During the latter years of the 
War the' use of a(;etylene for driving motors ])layed a very important 
part in Switzerland, })ut then diminished, as liquid fuel, of which 
large quantities were ojice more available after the War, was 
ultimately found to be better. Keel statt'S that finally eight 
im])ortant works dt'voted themselves to the construction of acetylene 
motors, and that the Swiss Army Administration also studied these 
questions with great, interest. A 80-h.j). four-cylinder motor of 100 
revolutions re(|uir('d 200 litres of aoK^tylene per horse-])ower hour. 
Bot^i dissolvi'd acetylene and acetylene gas were used, the latter 
b(‘ing most carefully ])urified and filtered after j)rodu(jtion from 
carliide.^ E. Haber has reported on similar experiments which 
were carried out by him on behalf of the Imperial German Board ot 
Trade (25th AiuwiaL Meeting of the German Bunsen-Gesellschaft 
fiir angewandte })}iysikalische Cliemie at Halle-a.-S., April 21st to 
2.3rd, 1920).^ 

K. Wolf, of Zurich,® recommends a mixture of acetylene and 

1 Joiirn/f. angcAV., lOlS, p. 465. 

2 “ Das Acetylen im Aiiiomobillxitrieb ” (Ziiricli, 1919). 

“ Utffftrhav, 1919, p. 81 . ' 5 . ' 

* Chem. Ztg., 1920, p. 339. 

® Jbirf , 1919, p. 805. 
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oil gas for welding purposes. The internal Swiss production of 
oxygen, which was about 400,000 to 500,000 cu. m. in 1913-14, 
was considerably increased during the War by the erection of 
many new works. ^ A new cyanide process has been developed by 
A. V. Lipinski,2 of Baden, Switzerland, and is said to be very 
promising. * 

Switzerland contains about 250 moors, of which, however, very 
few are of any considerable area, and of which many have already 
been exjdoited. The suj)ply of peat still available for exploitation is 
estimated to be about 65,000,000 cu. m., or 13,000,000 to 22,000,000 
tons of air-dried peat. The production of peat during the War met 
with serious difficulties, arising mainly from a lack of suitable 
machinery and labour. Conditions commenced to improve, however, 
in the sjmng of 19J9,^so that in 1919 1*5 million cu. m. or 300,000 
to 500,000 tons of j^eat fuel, with 10 to 30 per cent, of wateT, were 
obtained. In this way 17 to 18 per cent, of the annual Swiss demand 
for fuel was sui)[)lied.® A Swiss Peat Association (Schweizcrische 
Torfg(‘nossensehaft) was formed in April, 1917, and in 1918 it 
received from the Coveriiment a loan of 5,000,000 fr. for the 2)urpose 
of exploiting twenty-four of the larger moors. Apart from this 
association, there arc^ many individual enterprises. ^‘”eh as the 
Aargauisehe Torfgessellschaft, the Torfgesellschaft Union of 
Bering the Torfgenossenschaft des Bezirkes Affoltern and others. 
Since A])ril 1st, 1918, the control of all peat deposits and of the trade 
in peat lias been vested in the Swiss Jnspectorato for Forests, Game 
and Fisheries, which has fixed maximum prices. The analysis of 
twemty Swiss peats of the most various origin showed ash contents 
of 3 to 41 i)er cent, and calorific values of 1,700 to 4,600 calories per 
kilogram.'* Nothing has been heard with regard to the gasificatym 
of peat with nitrogen recovery. 

The enormous developmenti of industrial electro-chemistry in 
Switzerland is more particulaady indicated by the statistics of the 
carbide industry, which produced 4,000 tons in 1901, 30,000 tons in 
1912, 35,000 to 40,000 tons in 1913, 72,000 tons in 1917, and 95,000 
tons in 1918. Thi^ internal consumption in Switzerland has increased 
from 4,000 ions in 1912 to 16,000 tons in 1918. In 1918 Swiss 
agriculture^ utilised about 10,000 tons of calcium cyanamide. The 
sale of carbide is regulated by an ordinance ^of the Swiss Board of 
Trade of November 9th, 1918. Prices increased from 20 fr. per 

^ ZeiUch. f. angew. Cheni.y 1918, iii., 509, •* 

Chem. Ztg., 1917, p. ItUi. 

“ Neue Zurirher ZA^.y .July 8th, 1019 ; ZeitJich. f. angew, Chetn.y 1919, ii., 147. 

* Nfue Zilricfier Ztg.y July 8th, 1919. 

* F. WintelcT, Chem, ZentralbL, 1919, iv., G53. 
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100 kg. before the War to 56 to 59 fr. in 1918 and 51 to 55 fr. in 1919, 
according to the quantity delivered without 2 )ackages (drums, 6 to 
10 fr.) f.o.r. for internal consumption. Tlie calcium carbide exports 
in tons during tlie last few years to various countries were as 
follows : — 
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The share of Cerniany in the Swiss ex[K)rts of carf)ide, which was 
already very considerable befon* 1914, has increased again in actual 
quantity, but has decreased relatively in favour of exports to I^Yance. 
Before the War Trance itself exporte^d considerable quantities of 
carbide, but, in consequence of the enormous (H)nsumj)tion during the 
War, lias lH*en forced to sup])lement its requirements by im])orts 
from Switzc'rland. 

The (‘xports decreased lu'avily in 1919 : — 


SmIss Exports, in Tons 



j J!ti:{. 

1 

1918 

1919. 

Aluminium .... 

1 

6,891*1 

10,521*6 

5,245*7 

Calcium carbide 

790*4 

75,840*0 

36,891*6 

i’erro -silicon and ferro-chrome . 

161175*3 

15,666*7 

9,741*5 






Tlu‘ Swiss output of aluminium was about 12,000 to 15,000 tons 
in li)17, of which 8^' per cent, was exported. The manufacture of 
carbc)rundum, a})rasives, etc., in 1917 was estimated to be 3,000 to 
4,000 tons. 

The imj)orts of saltjxdre, anunonium sulphate, technical 
ammojiium salts, etc., were 258*8 tons, valued at 201,000 fr., in 1917, 
and 540*6 tons, valued at 540,000 fr., in 1918. 

The following Swiss trade statistics are expressed in tons and 
valued in thousands of francs (in brackets) : — 
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The output of calcium cyanamide was particularly large in 1917, 
and greatly exceeded {he outj^ut of 1916. In 1918 there were already 
complaints of the decreased demand. During the War the carbide 
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works were fully occupied. The ecf)nomic result would have been 
still more satisfactory if the cost of production had not been greatly 
increased and the inferior quality of the raw materials had not 
resulted in less satisfactor}'^ outputs from the furnaces. At the close 
of tile War tlie prosj>ects of the earbifJe industry were supposed to be 
favourable, although it was feared that the carbide works would 
not be so prosperous as hitherto, as the demands of the calcium 
cyanamide works and the aet'tylene industry would certainly not 
suffice to keej) them fully occupied indefinitely. They also had to 
reckon with greatly increased com[)etition from abroad, as carbide 
works were* (\stablish(‘d everywhere in consequence of the War. 

So far a ])essimistic vHcw' of the position of the Swiss carbide 
industry has ])rovcd to be justifK^l. For the most })art manufacture 
can only be maintained on a greatly diminished scale, and a number 
of works have had to close down entirely, ('oke and anthracite are 
often uno]>taiiiable and the sale of carbide is also attended with 
difficulties. Export is hardly to be thought of. France imposes a 
duty on carbide of 1,500 fr. jier truck-load, and 5 fr. jier drum, so 
that a tru(*k of carbide sent to France has to pay a duty of 2,000 to 
2,200 fr. Ex])orts to Gc'rmany and Austria are quite impossible on 
account of tlic' rate of exchange, for in the middle of 1920 100 kr. 
wcTc ccpial to 9 to 5 fr. There is no indication of a recovery for the 
present, rrofitable (‘X])ort would only be iiossiblc should the foreign 
exchanges improve. The domestic Swiss consumption is capable of 
a. gradual inci’c'asc, » 

Thc' Schweizerische Agrikulturchemische Anstalt Ocrlikon-Ziirich 
and the Schweizerische SanienuntcTsuchungs und Versuchsanstalt 
Oerlikon-Ziirich were amalgamated on January Ist, 1920, under 
the name' of Sc*hvveizerische Landwirtschaftlichc^ Wrsuchsanstalt 
Oerlikon-Ziiric'h. This organisation is devoted to the study of 
fertilisers. « 

Supjjlejuenf, 1921-24 

The carbide' industry is', vcTy d(q)r(‘ssed. Whilst the output 
(;apacity is 120.000 tons, the maximum home demand is 10,000 tons, 
and the exiK>rts we/’c only 9,202 tons in 1922 and 1,029 tons in the 
first half of 192;i (UhemSZfg., 1921 , 79 ; 1922 , 1007-8 ; Chem. Ind, 
1923 , i:i:i, 382, 519, 530; Metallhor.se, 1923 , 900, 1339-40). 

The Bodio Work's of the Nitrum Company in Zurich, which 
exploits Siebert’s arc })rocess, suffered from an explosion in its plant 
for freezing out nitrogcui peroxide, in which benzine was used as a 
cooling liquid (Chem. Ztg., 1923, 63 ; Zeitsch.f. ctagew. Chem., 1923 , 87 ; 
Che7n. Inti, 1923 , 583). 
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The Martigny Works of the Society des Produits AzoAes manu- 
facture calcium cyanamide and a new fertiliser known as j)hos- 
phozate, according to patent rights belonging to the parent company 
in Prance, and also to the French Societe d’Electrochimie. This 
material contains 11 per cent, of water-soluble phosphoric acid and 
11 per cent, of urea {Chem. Ztg., 1922, 823 ). , 

The Aluminium Industrie A.G., Nouhausen, sufEcrc*! from 
difficulties of water supply and from strikes at tlieir nitrate works 
at Chippis in 1922 and 1923 {MeMllborse, 1923, 811 ). 

The Lonza A.G. closed their business year witli a loss of (> 78,255 fr., 
but this crisis may have been overcome in the interval, and the 
affiliated companies achi('ved more favourable results. The synthesis 
of alcohol, and more })artieularly of acetic acid, has met with 
increasing success. Lictuises for these [)ro(iesses have Ix'cn granted 
to Acetosynthese of I’hris, who also intoul to utilise carbide. The 
demand for calcium cyanamide appears to be increasing in spite of 
the fact that the German branch factory at Waldshut has been 
closed down for a considerable jx'riod. The ])roduction of ammonia 
by the Casale synthetic process is to be midertaken at Vi.sp in con- 
junction with another Swiss group {MetallhorNe, 1923, 2347 , 24 () 7 ). 

The total ])roduction capaeitv for calcium C3^anamide is jtrobably 
about 40,000 tons. 



( HAPTER VII 


The Nitrogen Industry in the Austrian Succession States ^ 

The conditions of electrical supply in German -Austria are 
worthy of s]>ecial attention, as it would be possible for the country 
to supply its whole powc^r requirements. Under pre-war conditions 
the annual coal requirements were about 12,500,000 tons. The 
domestic ])rodu(ition is now about 2,000,000 to 2,500,000 tons, so 
that a deliciency of 10,000,000 tons should be supplied by imports, 
corresixmding to an energy production of about 1,000,000 h.p. for 
(),000 working hours j)er year. This supjjy of energy could easily 
be derived from water power. According to the work of the Research 
Board of the former Railway Ministry, there are more than 1*8 
million h.]). available* in German -An stria, for the exploitation of 
which 2()6 power stations vould have to l)e constructed. The actual 
|)ower which could be develo])ed from the AI])ine water powers of 
Austria by practicable works is, however, estimated at almost 
2^500.000 h.p. Of this quantity only 250,000 h.p., or al)out 10 per 
cent., has alr(*ady becui developed, so that large sources of energy 
are available whi(*h are certainly destined to jday a future part in 
the nitrogen fixation and ek^etro-chemical ij)diistries. In Styria, 
in particular, it has been j)ro])osed to utilise water powers in con- 
nection with the iron industry,'^ 

It has beeji ])ro])os(‘d that the ek'ctric industry should be so 
organised that a national electricity undertaking should Ik* CvStab- 
lished, in which the State should particij)ate. In order to attract 
foreign capital, concc'ssions could by granted to constructional and 
industrial eom])anies. It would be impossible to finance the jrnqect 
internally, as thousands of millions would be required ; morcHiver, 
constructional materials, such as c*emcnt, transmission lines, etc., are 
lacking. In ord(*r to facilitate the co-operation of tlie State and 
district administrations, a Water Rower and Electric Supply Board 
(W.E.W.A.) has lieen formed.® 

The Austrian Gow*rnment and the municipality of Vienna are to 
exjJoit the water ])owers of the Enns, estimated at 00,000 h.p., at a 

^ Gerniaii'Austria, Hiiiigtary, Ozcc'lio-iSlovakia, .lugo-Slavia and l^)la^l(l. 

^ MfiUdlbf)rspy 1020, p. l.'JOr). • 

3 tiudd. Ind. Blait, 1020, p. 1339. 
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cost of 80,000,000 kr. The Stoiermarkische Wasserkraft^und Elek- 
trizitats A.G., founded in 1919, was formed for the ])urpose of 
developing the Styrian water powers. Its capital is 20,000,000 kr., 
but may be increased to 100,000,000 la*. The Tramway imd Elek- 
trizitatsgesellschaft Linz lias held a concession since 1919 for the 
exploitation of 28,000 h.p. (which will cost from 14,000,000 to 

15.000. 000 kr.) on the Grosse Miihl from Neufclden to Nefthaus in 
Upper Austria. Meanwhile the Olierdsterreichische Wasserkraft 
und Elektrizitatsgesellschaft in Linz has been formed by the co- 
operation of the Osterr. Waffenfabriks-Ges., the Province of Upper 
Austria, and the Austrian Government ; this has a capital of 

50.000. 000 kr., of which the Treasury lias taken over one-lTfth. The 
Kleine Miihl is to be developed at a cost of 200,000,000 kr. 

The first atmospheric nitric acid works on Pauling's system (see 
])revi()us ac(^ount of the German industry) was installed at Patsch, 
on the Sill, and utilises 15,000 h.]). from Innsbruck Power Station. 
Tlie current is transformed down from 10.000 to 4,000 volts, and 
then vserves to operate 24 Pauling furnaces, each containing 2 
arcs. There are 2 furnaces in each grou]). One man is 
recpiired for each 0 furnaces. The Patsch Works of the Luftver- 
wertungsg('S(‘llschaft Innsbruck has rimdered valuabl(‘ service in 
the dev^elopinent of the Pauling ])roeess ; for the present it< utilises 

70.000. 000 k.w.h. jicr annum, supplied by the InnsbrucLer Elek- 
trizitatsw(^rk (Innsbruck Power Station) at an (exceptionally low 
})rice, to inaiiufacture al)out 5,000 tons of concentrated nitric acid 
]JCT annum. On the oth(er hand, th^ nitric acid works benefit the 
Innsbruck Power Station b\ consuming its surjilus eiKTgy at times 
of small load. Before the War it was intended to add a carbide 
works with an outjiut of S,000 tons ])(m* annum, and a cyanamide 
plant, in order to utilis(‘ the (‘nerg>' still more eth'ctiv^ely. '^Ok* 
economic su(;c(‘ss of the installation, the ])osition of whicJi was 
d€\scribed as favourable in 19 Itf, has not, on the wlade, Ihhui very 
remarkable, as is cl(*ar from* tlie report of th(‘ Jnternationrde 
Stickstotf A.G. in Wi(\sbaden. There is another works at Matrei, 
10 km. further up the Sill, producing carbide, ferro-alloys, (*tc. 

During the War the same causes as were ojierating in (Tcnnany 
1 (h 1 to the erection of nitrogtm fixation plants 'iTi Austrhi ; the first 
of these was en'ctcd on the profierty of the (Hovcrmnent Explosive 
Works at Blumau, near Vicuina. This weeks jiroduces calcium 
cyanamide by the Erank-(Wo jirocoss, anci has an imjiortant am- 
numia oxidation ])Iant. Tog('ther with a i^ortiow of the explosive 
works it has latterly, been taken over by a combine, at the head (d 
which is the Vienna brnneh of the. firm (^f J. Michael & Co.. of Berlin 
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and Vienna. A portion of the works is still carried on jointly with 
the Government as an undertaking under dual control for the manu- 
facture of organic products and dyestuffs, with a capital of 6,000,000 
kr.^ On July 30th, 1920, a joint-stock company was formed, which 
included the explosives works, Skodawerke, Wetzler A.G., and the 
Government Works at Blumau. This has a capital of 4,000,000 kr., 
and has ‘remodelled a number of the installations at Blumau for the 
production of inorganic chemicals.^ 

In 1916 the Osterreichischen Stickstoffwerke A.G. was founded 
by the Niederosterreichischen Eskompte-Ges., the Allgem. Deposi ten- 
bank, the Bosnischen Elektrizitata A.G., the Dynamit Nobel-Ges., 
and the Jfrager Eisenindustrie A.G., with a capital of 10,000,000 kr. 
The calcium cyanamidc works, Maria-Rast, near Marburg (Styria), 
were to have commenced production in 1917, but only did so in 
July, 1918. The carbide works were complete>>at the commencement 
of May, 1918, and then awaited the official authorisation to obtain 
the necessary raw materials. The estimated constructional costs 
were largely exceeded, so that new shares had to be issued, to which 
tlie State con tri butt'd 2,500,000 kr. 

At the end of 1917 there was founded in Vienna the “ Institut 
fiir Kohlenvergasung und Nebenproduktengewinnung ” to study 
the fixation of nitrogen from coal and similar questions. Its first 
communication in 1918 contained an intc^resting article by F. Dorner 
on ammonia as a by-product of the gasification of coal. 

Much attention has recently been devoted to the Austrian peat 
industry. In 1918 the Salzburgische Torfwerke G.m.b.H. was 
founded with 1,000,000 kr. capital at Lam})rechtshausen (Salzburg) 
The Government Department for Trade and Industry, in eo-o])eration 
with the Vereinigung der Dciitsch-osterreichischen Industrie, founded 
the Deutsch-osterreichische Torfindustrie-gesellschaft, vutli head- 
quarters in Vienna, in accordance with the pt'at ju’oduction law of 
1919. The company has a monopoly in so far as it has the sole right 
to apply the law for the comjmlsory acquisition of peat moors, and 
has also a monopoly of the right of cxj)loiting the same. As an 
undertaking under divided control, the company is excluded from 
socialisation. Of the share capital of 4,000,000 kr., 1-35 million kr. 
are private jiroi^erty. In 1920 the Vienna firm of )Sucliy-Werke A.G: 
acquired important oil shale deposits in North Tyrol, which were 
expected to yield 100 tons of crude oil i)er month. 

The proj)osal to syndicalise the nitrogen industry and to form 
a Wirtschaftsver!)ande der Kunstdiingerindustrien in Osterreich 

1 Metallb&rse. 1920, p.5725. 

2 Ibid., 1920» p. 1251. 
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(“Trade Association of Austrian artificial fertiliser man irfacturcrs”) 
on August 8th, 1 918, was part of the pre-revolutionary programme. Tu 
an article well worth attention in the Neue Wiejipr TaqeMatt of JMay 
24th, 1919, a carbide monopoly for Austria is recommended to deal 
with the utilisation of all surplus power and the dev('l()]>ment of 
water power on a large scale. ^ The official cnrl)ide ,[)rices of th(‘ 
Central Price Fixation Commission of May 1st, 1918, were *85-90 to 
90-90 kr. })er 100 kg., according to size of delivery, granulation, etc. 

These prices were based on a price for limesti)ne of 6-10 kr., and 
for coke of 17-52 kr. per 100 kg. The proportion of the output due 
to works in the Alpine district was at that time 24 ])er cent., and 
that of the Dalmatian Works, 76 j)er cent. If tJie proj)ortion of the 
output of the Alpine Works increased, the official prices became lyore 
moderate ; if this proportion decrcastHl, then tlie offieial price's 
increas('d by 10 heller per 100 kg. of carbide for each 1 p(;i* cent, of this 
increased })r()portion of delivery. These latter d('cisions are interest- 
ing iji so far as they show that the Alpine Works hav(‘ lower working 
costs than those in Dalmatia, which is due in ])art to their more 
favourable situation with regard to transj)ort. 

The occurrcnc^es of natural gas in Transylv^ania are of great 
importance for the industrial development of ^’y. They 

were disco e('r(*d in 1908 whilst pros2)ecting for ])otash salts. By 
testing the gas wells it has been found that these c'ould deliver 2-4 
million cu. m. of gas ])er day if allowed to flow freely. In 1911 the 
right to deveJo]) and utilise these weUs was monopolised by the 
Government. In 1912 an English financial grou]) had the intt'iifion 
to utilise the natural gas resources, which were estimated to amount 
at that lime to 72.000,000,000 cu. m. of 8,000 calori('s thermal value, 
correspo tiding to 100,000,000 tons of (^oal of 6,000 caloric's. 
negotiations faih'd, and it was only in the War |)eriod that ti)(^ ])ro je(^t 
was realised on a large scale by “ Ungarische Erdgas A.G., Budapc'st 
founded in 1916) in Berlin, withjthe assistance of the D^uts('he Bank, 
as a result of a small preliminary development in the interval. In 
191() 1 cu. m. of natural gas from the Hungarian wells cost 15 lu'ller, 
gas for domestic jtuiposes 10 heller, power gas for small motors of k-ss 
than 25 h.]). 6 heller, and industrial gas 4 heller at tJie locality wluTe 
used. The towms of Kolozsvar, Medgyes, Dicsbszentmarton, Torda, 
and others, are connected to the gas-field by long-distance mains. 
Since the spring of 1913 the ammonia-soda wt)rks at Torda and the 
cement works at the same place have been worked by natural gas. 
In 1917 there was even a jDroject for the construefion of a gas main, 
450 km. long, to Buda-Pest. 

^ Zeifsrh. f. angeir. CJiem , 1919, ii., HS j. 
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A gas jTiain from the natural gas wells at Magyars&ros supplies 
the large cyananiide works at Dicsdszentrnarton, which is the pro- 
perty of the Ungarischen StickstolTdunger Industrie A.G., founded 
in 1916 with a capital of 9,000,000 kr., which was later increased to 
15,000,000 kr. The “ Holzverkohlungs A.G. Konstanz,” participated 
in the increased capitalisation to the extent of 750,000 kr. This 
amount was increased at a later date proportionally to the increase 
of the total capital from 9,000,000 to 15,000,000 kr. The works 
played scarcely any part during the War. 

This is also true of the Ungarnwerk at Magyarovar (Hungarian 
Alton burg) at the confluence of the Leitha with the Lesser Danube, 
which is also ecpiipped for the production of cyanamide and its 
derived products. In consequence of the decline in stock-raising, 
the requirements for artificial fertilisers in 1920 were extremely large, 
and the ft‘W works in actual operation are iMca])able of supplying 
the demand. Imports from abroad are hardly ])Ossible. At present 
the only producing carbide works are tJie Felsogalla Works of the 
Ungarisclie Allgemeine Kohlenbergbau A.G., with a daily production 
of eighty truck-loads, which uses charcoal instead of coke, 

A company with 2,000,000 kr. ca^htal was founded by a number 
of firms in 1918 for tlie purpose of studying the water-i)ower resources 
of Hungary, which have as 3^et scarcely been utilised. There arc 
several oxygen w(-rks in Hungary, at Buda-lVst, Temesvar, Nagy- 
varad and other places. 

In 1916 the Buschtiehrader Railw'ay of V^ienna and the Oster- 
reichische Verein fiir cheinisehc und metallurgiscdie Produktion of 
Aussig, on the Elbe (now the A.(L fiir chemis(d)e und metal lurgische 
Produktion in Karlsbad), co-op(*rated with the Allgemeine Oster- 
reichische Bodenkivditaiistalt to acquire the liitfuTto unworked 
coMfield of Lastner in the Ealkenau distj*ict, not far from Karlsbad, 
under the name ” Falkenaaer Kohlen])ergbau A.G.,'’ with a cajutal 
of 2,000,000 kr., the shares of whicn were divifJed equally between 
tlie Buschtiehrader Railway and the Aussig (Company. Simul- 
taneously the ('rection of cyanamide works was e-ommcnccd at 
Ealkenau on the Eger, which commenced o])eration at the beginning 
of 1918. The cost of this works was estimated in 1917 at 20,000,000 
to 22,000,000 kr. At a later date carbide alone was j)roduced, and 
only in 1920 was the production of cyanamide again taken in hand, 
in order to suj)ply the* agriculturalists of Gz u*ho-Slovakia. Carbide 
has also recently been manufactured at the Weinmann Works at 
Schwaz (Bohemia*),^ and the Witkowitz (Colliery in Moravia is 
erecting a works for the production of liquid ammonia, 

* rhem. ztfj., 1020, p. 204. 
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The lively interest which has always been shown in the develop- 
ment of the nitrogen industry in the countries now united to form 
Czecho -Slovakia, was indicated by the Bohemian Academy of Science 
at Prague, by the offer of a prize of 5,000 kr. in 1916 for the best 
communication on the utilisation of atmospheric nitrogen. It has 
recently been stated that experiments at the sugar fa<jtory at Pecek 
on the manufacture of ammonia and nitric acid from the nilrogenous 
contents of the effluent frcmi sugar works, has been so successful 
that 600 to 700 tank loads of nitric acid are produced annually by 
this means in Czecho-SIovakia. The united tank and condenser 
liquors contain about 65 mgm. of nitrogen per litre, of which 34 mgm. 
are present as ammonia, and 31 mgm. as organic compounds, and 
13 eu. rn. of these liquors are obtained per ton of beet, corresponding 
to a total of 845 gm. of nitrogen. The total crude sugar production 
of ( V.echo-Slovakia Ts now about 750,000 tojis, corresponding to 
about 4-65 million tons of beet. According to these figures, the total 
effluent waters already referred to would contain about 3,900 tons 
of nitrogen ; 6,000 tons of synthetic nitrate contain about 950 tons 
of nitrogen. The above-mentioned figure of ()5 mgm. per litre^ 
can naturally not be considered as rej^resentative, as the composition 
of the effluents varies extraordinarily, as is shown by Mu' collection 
of analytical data whiclj was made by Ferd. Fischer. ^ In any case, 
the calculation shows that the nitrogen balance may be correct on 
the assumj)tion that it will be possible to obtain all tlu'. fixed nitrogen 
in the form of NHg, and carry out all the further transformations 
W'ithout loss. Even if all this were true, however, the process could 
hardly work ('conomically. The distillation of ammoniacal liquor of 
such dilution is (piite posvsible in ammonia distillation columns, as 
good columns yield effluents containing only I to 3 mgm. of NH.jj>er 
litre, but the steam consumption is so high that the amnumia would 
be very expensive. 8r> long, therefore, as no better metlK)ds 
of treatment are available, siy^i processes will hardly be profitable 
Moreover, similar experiments have been tried elsewhere, and have 
not been successful. 

As t he domestic production of nitrogenous fertilisers is insufficient, 
the republic of Czecdio -Slovakia imports Cliile nitrate from Ham- 
burg, more particularly for the beet sugar industry ; 14,000 tons of 
(^hile nitrate were imported for use in the spring of 1920; in 
addition 5,000 tons of super] diosphate were jffoduced from domestic, 
and 6,800 tons from foreign raw materials for the fertilisation of the 
beet. crops. Superphosphate containing 18 ptT cent, of water- 

^ Soe Vo^ol, “ Abwassor ” (UlIrnaiin’R “ Eiu-yclopaodia,” i., 1914, p. 41). 

® “ Das Wasser ” (Leipzig), J914, pp. 232-252. 

' 11—2 
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soluble ph(?s]jh()ric acid cost 180 kr. per 100 kg. at works, whilst 
100 kg. of Chile nitrate cost 480 to 500 kr. (gross weight) at Czecho- 
slovakian frontier stations. 

In 1919 the Aussiger Verein (see p. 162) estaldished an advisory 
bureau for nitrogenous fertilisers for the agriculturalists of Czecho- 
slovakia at /Jundorf near Briinn, directed by Dr. H. Lipschiitz. 
In 1919-20 an agreement was arrived at between the Czecho- 
slovakian K(‘publi(; and a North American firm for an exchange 
of commodities, including the despatch from (-zecho-Slovakia of 

10.000 tojis of carbide.^ The oflicial prices for carbide, which had 
previously Ikmmi 3-0 to 3*25 kr. per kilogram, were raised as from 
April 1st, 1920 to July Jllst, 1920, as follows If delivered in rail- 
way trucks from tiu^ Falkenau Works, 5 kr. 2 )er kilogram ; from the 
W(Mnmann Works, 5-50 kr. per kilogram at works ; in the retail 
trade an additional charge of 0*25 kr. to 0*30 kr. 2 )er kilogram, and 
a 5 2 )tu‘ (‘ent. discount for dealers are allowed. 

U'he w-atcrfalls of the Dalmatian (Vtina, which arc 48 m. high 
and could supply about 80,000 h.j). wdien the water is lowTst, are 
only exjjloitcd to the extent of about 20,000 h.]). The A. G. zur 
Nutzbarmachung der Wasserkrafte Dalmatiens (rJoint-Stock Com- 
})any for the Utilisation of the Water Powers of Dalmatia) was 
founded for tlu^ manufacture of carbide at Almissa and cyanamide 
at Sebenic'o. 'These works wore erected before the War l)y the 
Soc'ieta Auonima per la utilizzazione delle forze idraulich(‘. dedla 
Dalmazia of Trieste'; they opeTate the Frank-(Wo i)rocess. The 
])roduction of cyanamide in Sebenico during 1912 and 1913 was 

5.000 tons per annum ; ik) figures are available concerning Almissa. 
Before the War theses were tiu' only works in Austria-Hungary to 
utilise atmosj)heric nitrogen, a 2 )art from the atmos 2 )heric nitric acid 
works at Patsch, near Innsbruck. Th(‘ Dalmatian Company was 
unable to ])ay a dividend during the War on account, it is said, of 
un.favourable kale contracts. In 1918 their (-apital was raised from 
14,000,000 to 21,000,000 kr. (Carbide and other electro -chemical 
produ(‘ts are also manufactmod by the Bosnian Electric (.V)m 2 )any 
at Jaj(*e. An aluminium works was to liave been established in 
1910) for the exf)loitation of the bauxite deposits at Bruvno, near 
Rudo])olje. in the Lika, (Jroatia, and this was also to have 2 )roduced 

60.000 tons of aluminium nitride annually as a by-])roduet. Power 
was to have been ])r(^duced from the lakes of Plivitz, which are 
50 km. distant. Nothing further has been heard of this j)roject. 
In 1905 540.000 t(his of (^oal were 2 )roduced in Bosnia. 

^ Zcilach. f. avqcw. Chem., 1920, ii., 26. 

2 Clu-Mi Ztij., 1920, p. 455. 
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In 1018 the Government sanctioned the formation* of a joint- 
stock company for the production of nitrogenous fcTtilisers by the 
process of Moscicki of Cracow. The initial capital was 3*5 million kr., 
of which 2,000,000 kr. were provided by the Government Department 
for the Economic Recovery of Galicia. The remainder was supplied 
by the Galizische Landesbank and other interested partk\s. The 
company, known as the Galizische StickstolMiingerfabrik Azot A. G., 
now the Towarzyostwo-Akcyjne “ Azot,” is erecting a works at 
Bory, near Jaworzno. Jaworzno is a station on the railway between 
Szczakowa and Chrzanow, in Poland, where there are large coal 
mines, and lies about 10 km. to the south-east of Myslowitz. 
The works were to have started ])rodiiction in OctobcT, 1018, but 
in consequence of unfavoural)le circumstances have not been 
started yet. About 7,000 kw. are available. Ammoniinn nitrate and 
concentrated nitric acid are to l)e ]>rodiiced, and SOW tons of com- 
bined nitrogen are to be supjdied annually (equal to about 3,400 
tons of ammonium nitrate) from gas licpior and atmospheric nitric 
acid, or 4,000 to 4,500 tons of concentrated nitric acid. Th(‘ Mos(b;ki 
furnaces of th(' installation at Bory- Jaworzno are descrilx'd in (rer- 
man Patent 205,834. 

As an example of the trade under pie Avar coiul!” '»'s, avt‘ give 
imj)ort and exj)ort statistics of Austria-Hungary for the year 101 1 : — 




hiiporlK. 

JV»ns. 


Licpiid carbon dioxide 
Ammoniacal liquor : 

• 

85*3 

78*4 

( 'Oru^entra ttHl 


553*2 

18*8 

Uneonctentrated 


- 

()!)4-l 

Ammonium cai bon,ite 


225* 1 

02*0 

Licpiid ammonia . 


34*7 

125-0 

Chile nitrate 

. il 
(03,02 

■>,781-4 

5 in 10 1 3) 

325-4 

Ammoniinn sulphate 

• 

80 

,20,020*7 

Ammonium chloride 

• 

004*1 

80 

Ammon i um carbonate 


70*4 

1*8 

Ammonium ac^etg-tc 

Potassium and sodium nitrates 

0*1 

2-8 

(refined) 

. 

0*0 

04*4 

Sodium nitrites 
Potassium ferro- and 

ferri- 

50-5' • . . 

110-8 

cyanide .... 
Ammonium sulphide and am- 

12-7 

• 

20-3 

monium nitrate 

. 

307*2 

0*1 

Carbide 


3*8 •. . 

11,723*7 

The production* of coal, 
thousands of tons : — 

lignite and coke was 

as follows, in 
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1 

1900. 

i9or>. 

1910. 

1913. 

Coal 

12,440 

13,673 

15,171 

17,760 

Lignite . 

26,668 

28,781 

32,792 

35,878 

Coke . ^ 

1,228 

1,400 

1,999 

2,700 





. _ 






S'lijpplenieni , 1 92 1-24. 

Gemian-Audria. — The Kontiiientale Stickstoff A.G. of Municli, 
alresidy referred to in eoniieetion with the German industry, arc 
erecting an atmosplieric nitric acid works at Gelling, near Salzburg. 
The country produces 100,000 tons of coal and 3,110,000 tons of 
lignite, and irni 5 )orts 4,020,000 tons of coal and 390,000 tons of coke. 
The exports in 1921 were 3,227 tons of calcium carbide, 200 tons 
of sodium nitrite, and 1,144 tons of nitric acid {Chew. Zfg., 1921» 
710 ; 1922, 232, 332, 004, 091, 1100 ; 1923, 399 ; Chew. Ind., 1923, 
Oil ; Meiallhorse, 1923, 010). 

Hungary . — The carbide works {e.g. F('lsogalle) are working inten- 
sively. The former (‘xjjlosive works Maggazovas have been adaj)ted 
to other manufactures {Chew. Zfg., 1922, 1 10 ; 1923, 9o ; Chew. Ind., 
1923, 651). 

]n Poland tlu* nucleus of manufacturing ac-tivity is provided by 
the former German coke ovensi! of Upj)er Silesia and th(' calcium 
c^^anamide works at (^iiorzow in the same region, w]ii(*h were built by 
tile German Government. The activities at ('horzow an^ being 
carried out with ditliculty and un])rolita]>ly in the absence of trained 
(Jerpian staff. 

The (diemicjal works “ Azot at Borry (Galicia) produce, among 
other products, nitric acid from thp air by th(^ Moscicki jirocess. 
Polgnd produci'd in 1922 35 million tvns of coal, of whicli 20 million 
tons came from U])])er Silesia ; and contained 120 (diemical works, 
most of which were in formed German territory {(Item. Ztg., 1923, 
512, 020; Chew-. I ml., 1923, 09, 1J9, 317, 376, 490; 1924, 23; 
Metallljorsc, 1923, 1007, 1951, 204S ; 1924, 140). 

Czechoslovakia has both coke ovens and a calcium cyanamide 
works at Falkcnau. In 1922 it imported 24,354 tons of C3iile nitrate 
(Ghein. Ind., 1923, 222,* 498, 614, 682 ; 1924, 34 ; Metallhon^e, 1923, 
1099, 1369, 1760, 1882). 

In Jugoslavia the manufacture of carbide and calcium cyanamide 
is highly developed. The works at Jajee have a production capacity 
of 900 tons of carbide per month ; at Kus, 27,000 tons of carbide 
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and 27,000 tons of calcium cyanamide per annum ; at Ol)Tuiza and 
Dugi-Kast, 60,000 to 80,000 tons of carbide per annum and an eipial 
quantity of calcium cyanamide. The works are at present partially 
closed down, and one of them partially dei-’troyed by fire iChem. Zig., 
1922, 144/5 ; 1923, ()56 ; Metallhorse, 1923, 545). 
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111 the spring of 1919 the sub-Alpine districts of Savoy and the 
Dau[)hine supplieil about 230,000 h.j). ; the larger valleys supplied 
350,000 h.})., and the North Alpine divstrict a total of 797,000 h.p. 
A nyniber of centres of hydro-electric activity can easily be dis- 
tinguished. Such centres exist, for example, on the Upper Arve 
and on the Bonnant, at the confluence of the Arly with the Boron, 
in the Middle Isere Valle^y, Combe de Savoie, Gresivaudan and the 
basin of the Breda, on the Ruinanche, in the valley of Maurienne and 
in the Tarentaise. The valley of the Arc is being developed with 
special intensity, the first installation in this valley having been 
erected in 1891-92. The development of the respective districts 
has been considerably stimulated. Not only are 100,000 workpeople 
now employed, but the population of communities which were for- 
merly small has increased very consideraffly In Villard- Bonnot 
there were t,(l22 inhabitants in 1871 and 6,000 in 1919 ; the pojm- 
lation of Li vet inercuised from 924 to 3,000, that of Ugine from 
2.325 (fifteen years ago) to 5,800. The character of the laudsca 2 )e 
b(d-wee]i Se(4iili(‘nne and Li vet has been com])letely transformed by 
the erection of industrial installations. The power installations of 
th(* Tarantaise sup2)ly Lyons, those of Oisans su])ply St. Etienne and 
Koann(‘, and tliose of Ga}) supj)ly Marseilles and the towns of the 
d'Azur.^ The development of tht‘ hydro-electric industry of 
the French Alps, which started in 1890 from quite small beginnings, 
is show'n in the following table : — 


Yojir. 

1910 

1914 

fJanuary, 1916 . 

July, 1916 
1918-19 . 

1921-22 (anticipated). 


Availabli- h.p. 

470, ()()() 
(> 10.000 
■ 00 : 1,000 
7 : 12,000 
] ,045,000 
1,500,000 


‘ On January 10th, 1919, a decree &f the Minister of Public Works 
I'stablished a (.'ommission to investigate the j)ossibilities of power 
develo})ment in the wdiole of Urance. In Alsace the Rhine is supposed 
to be ca 2 )able of supplying almost 1,000,000 h.p. between Basle and 
Lauterbiirg, ;ind alxSut 800,000 Inj). l)etween the Swiss frontier and 
Markolsheim, near Strassburg. 

The follow ing large,* com 2 )anies may be mentioned which oi)erate 
in the Al]nne departments, and which are in part active in connection 
w5th the nitrogen* industry : the Society des Produits Chiiniques 
d’Alais (et de la Carina gue), formerly Societe A. R. Pcchiney et Cie. 


^ Neve Zvreher Ztg., May 8th, 1919, from an article by Jiaould Blanchard in the 
lieiute ih Paris. 
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of Paris, with a capital of 80,000,000 fr. and 10 works ; fhc Soci^te 
Chimique deg Usmcs de Rhone of Paris, witli 3 works, and the 
Societe d’Elcctro-Chimie, with a capital of 15,000,000 fr., founded in 
1918. The Societe hydro technique de France intends to establii^ih a 
hydro-technical laboratory in the neighbourhood of Grenoble, which 
is later to be extended in order to form a research insfitute for the 
whole field of apjdied hydraulics ; it is proi)osed to study in the first 
instance the power losses which occur in the various installations. 

The enormous development of the electric industry in France is 
reproduced in the development of its nitrogen industry, whicli will 
be illustrated by figures below. The FrciKiii Government has 
repeatedly assisted on a consid(*rable scale; in 1915-1() alone 
£15,000,000 were spent to erect works ])roducing cyanamitle and 
nitric acid according Jo the process of the Nitrogen Prodiuds and 
C'arbide Ctjuipany (London). In 1918 an exhit)ition wa!s held by the 
Societe d’Encouragement ])our rindustrie nationaJ(*, and in 1920 a 
research institute was founded for the chemical industry of France. 

Before the War two grou])s only worked continuously on a large 
scale on the fixation of atmos])heric. nitrogen — nanudy. the Societe 
des Produits Azotes, at Notre-Lame de Briaufon (Savoy), and the 
Nitrogene Company at Roche de liame on tfie i suance. The 
plant at Notre-Dame de Briangoii (Tarantaise), on tlu^ Isere, pro- 
duced 7,500 tons of calcium eyanamide by the Frank-(Uro process 
in 1912-19. Tlie Societe des Produits Azotes also owns a works 
at Marti guy in Switzerland (see Chap? VI.); its jirices in th(‘ spring 
of 1921 waTe : 115 fr. per 100 kg. of granulati'd eyanamide, con- 
taining 19 to 21 per cent, of nitrogen, in metal drums ; 75 fr. per 
100 kg., powdered in sacks, containing 17 to 19 per cent, of nitrogen, 
and 90 fr. in nudal drums. In 1920 the company raised their capRal 
from 10,000,000 to 20,000,000 fr., and obtained the yiermission of the 
Spanish Government to erect % new^ works costing, 1,500,000 fr. 
The works at Roche de Rarne hianufact ure atmosjiheric nitric aCid 
by the Pauling process. 

Before the War the PVeneh industry interested itself especially in 
Serpek’s aluminium nitride process. In 1909 the Internationale 
Nitridgesellschaft, Zurich, erected an experimcTft-al jilant at Nieder- 
morschweiler near Mulhausen, wdiich was transferred to the newly^ 
formed Societe Genfeile ch^s Nitrures, of Paris, which als(i acquired 
the B.A.S.F. patents on silicon and titanium compounds. On 
December 3lst, 1912, the Societe Generale dos Nitrures ownerl 
283 French and other patents, and had applied for 87 further 
patents. Simultaneously large-scale experiments were undertaken 
at St. Jean de Maurieniie in the valley of the Arc ; the technical 
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difficultios’ which were encountered were reported on by the British 
Consul at Lyons, S. Vicor, in 1913.^ The very high temperature of 
1,500° to 1,600° C. necessary for nitrogenation affects the durability 
of the furnaces so seriously that so far no suitable constructional 
material has been found, and none of the proposed modifications 
have so Jar been successful. The works at St. Jean de Maurierine 
were intended to produce 1 ton of nitride per hour under industrial 
conditions. Tlie electric furnaces consumed 2,500 kw. The instal- 
lation was still under construction in 1013, and was so unsuccessful 
that by the middle of 1015 all manufacture of nitride was definitely 
abandoned. It was })ro])osed at that time to obtain aluminium 
nitride from the Societe Norvegienne des Nitrures (Norsk Nitrid 
A. S.), which utilised 10,000 h.p. in 1013-14 at Eydehaven, nt^ar 
Arendal. Although the Parisian parent coinpany rej)ortcd very 
favourably ofi the new Norwegian process in their re])ort of 1014-15, 
these works also finally closed down. The plant at Eydehavn, near 
Arendal, was to have ])rodueed 40,000 tons of ammonium sulphate 
])(T annum by the ScTpek method. In 1013 the Societe Generah^ des 
Nitrures in Paris transferred their main patents to the SocieUe 
cF Aluminium Erancaise and to an American group u\ return for 
8,000,000 fr. and an interest in the profits.^ The interests above 
referred to intended to utilise the process for the jmxluction of 
aluminium. In America the American Nitrogen Corporation was 
formed for this purpose by the Aluminium Com])anv of America, 
tlie Nortliern Aluminium C\)mpany of (Unada and the Southern 
Aluminium (V)mpany. It is, however, doubtful whether the instal- 
lation at Whitnay in North Carolina, which startixl manufacture in 
1015 wnth 85,000 h.])., ultimately used the Serpek j)rocess, and the 
proposal of an English ccuiipanyto establish a w^orks in British Lidia, 
with a eajiital of £1,000,000, came to nothing. Nothing has been 
heard since 1015 of a process of Ciuitagne, resembling the Serpek 
process, which was tried in Erance. *it has probably shared the fate 
which was prophesied by H. E. Eierz for the Serpek process (see 
Chapter VI.). 

The first filant of all in which attempts were made to oxidise 
synthetic ammonia tA) nitric acid on a large scale was that at Vilvorde 
in Belgium erected by Duche in 1013, which utilised ammonia from 
Norwegian cyanamide. In 1013 the works were taken over by the 
newly formed Nitrogen Products and Carbide Co., Ltd., of London, 
which endeavoured during the War to imjirove the Ostwald process 
which was operated at Vilvorde in its original form. The new 

1 Chen,.. Ind.. UU:i, ]>j). 71H-714. 

^ O. Serpek, UJlmaiin’s “ Eiicyclopiedia,” vdI. i., p. 204 
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Ostwald-Barton process was then operated at the English works at 
Dagenham (see bslow) to oxidise ammonia produced from cyanamide. 
The French Government entered into negotiations with the Nitrogen 
Products and Carbide Co., Ltd., of London, in 1915, and these 
resulted in September in the signing of an agreement, according to 
which the English firm was to erect similar plants in Frj}.nce. In the 
first instance £15,000,000 were supplied by the Government* for this 
purpose. The first installation was erected at Angoulemc for the 
Government explosive works. Part of this plant was working in 
September, 1010. Up to the close of J91S £55,000 liad already been 
paid to the Nitrogen Products Company in royalties, and minimum 
jiayments must be made for a further seven years, in s])ite of the fact 
that the prodiu^tion has greatly declined in the interval. 

Cyanamide works were also erected at Sisteron and in the Tarn 
dt^partment, where 30,000 h.p. was to be supplied. ^Atmospheric 
nitric acid is produced at Laroquebrou, Cantal (power station on 
the C'crc), at Bouvillard, near Aiquebelle, Savoy (power station of 
La (3iambrc on the Arc), and in Terette sur la (Veuse, near Balesnies 
(Indre et L<)iro) by the Etablissements Poulenc Fibres, and so forth. 
At Naiiterre, outside Paris, there is a cyanamide works comprising 
100 furnaces to })roduce about 100 tons of cyanamide or 10 tons of 
fixed nitrogen daily. 

The industrial development of the Pyrenees has been considerable. 
It is quite recent, as in 1910 only 20,000 h.p. were utilised, whilst 
tf)-day this amount has increased to almost 150,000 kw.. whicfi is 
utilised in 20 electro - chemical or electro - metallurgical instal- 
lations. The v(Ty rapid development of the last few years is the 
natural consequence of the War and of the dearth of coal. The 
oldest and most important carbide works is that of Anzat on the 
Viedessos River, which was crect(‘d in 1908 and was sold to flic 
Socicte d'Alais, already referred to, in 1914. At the (JommtuKiemeiit 
of 1920 it was su]jj)lied with more than 20,000 h.p., which quantity 
is to be increased in the near future ^ ; 4,000 tons of carbide are 
produced from limestone and coke or w^ood charcoal in 4 furnacjcs 
each utilising 800 to 1,000 kw. (Wbide is also jn'oduccd at the 
Works of Castelct, on the Ariege 13,000 h.p ), and of Boussens on the 
Garonne. The manufacture of cyanamide was only started during 
the War, and it was partly converted into ammonium sulphate. 
Various large carbide and cyanamide works* were only started in 
1919-20, such as those of Lannemazan and Marignac. The works 

ft 

* Zeilsch.f. angew. r7/c;/fc., 1920, ii., pp. J 19 *120. From the Minuig Journal of February 
nth, 1920, throiicrli the Journal du Four FAectrique. 'Die original (;ominiinicatioii states 
that the data regarding the' production of cyaiianudc must be accepted with reservation. 
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on the La^inemazan plateau are supplied with power from the Soulom 
power station of the Southern Railway Company. They were con- 
structed during the War and have so far been mainly used for 
experimental purposes. The power station of these works also 
supplies the works at Eget belonging to the Soutliern Railway Com- 
pany with 10,000 h.p., those of the Penarroya Company at Saint 
Lary with 20,000 h.p., and those at Loudenviellc (Government 
w^orks) and Arrcau (Governmeiit works) with 10,000 h.p. each. 
The Lannemazan plant contains twenty to thirty 2,000-kw. furnaces 
for the production of carbide. The cyanamide works operates on 
tlu^ Frank-Caro system, and has ^100 nitrogenation units. Nitrogen 
is obtained by the (.'Jaude j)rocess of a purity of 09-8 to 99*9 ))er 
cent. TJie annual prodiu'tion of carbide is })robably about 50,000 
tons, eorrt'sponding to about 60,000 tons of cyanamide. 

The Marignac Works of the Compagnie le I'Electricite Indus- 
trielle are stiil under construction. They will obtain their power 
from several power stations which arc at ])resent incom])]ete, among 
w^hicli there will bo one on the Upper and one on the Lower Pique, 
each su])])Iying 8,000 h.p. The remainder are in the vicinity of 
Jjucdion, and will obtain 25,000 Ji.p. from a fall 800 m. iiigh, descend- 
ing from the Oo Lake. They serve as central distributing stations 
for distributing tlu^ total current, which will be transformed from 

70.000 volts to 150,000 volts. The Marigivac plant is to c.ontain six 
carbide furnaces each of 50 cu. m. capacity. The transformation 
of the carbide into calcium cyanamide will be carried out in a large 
continuous furnace of special fconstruction, and the nitrogen will be 
prodiu^ed as usual by the Glaudc })rocoss. The daily output of the 
w^orks is to ])e 80 tons of carbide, 100 tons of cyanamide containing 
22 p(T c(*nt. of nitrogen, and 120 tons of cyanamide containing 15 per 
cefit. of Jiitrogen. Wood charcoal will hv used instead of coke in the 
car})ide fiu*naces on account of tiie scarcity of the latter. According 
to the above figur(\s tlie annual outpht, calculated as ordinary calcium 
cyanamide (containing 20 per cent, of nitrogen, would be 60,000 to 

65.000 tons. The (Vmipagnic.' de i’Electricite Tndustrielle produces 
carbide in two furnaces in another works at Luchon, of which one 
is supplied w^ith 800 kw. as two-phaso (current, and the other with 
3,500 kw . as three- jAiase curreiit. 

The Societc des Mines dc Garmaux has erected a large power 
station to supply 20,000 kw. This j)ower is used for operating 8 
one-phase carbichc furnaces, each of 2,000 kw., and 224 Frank-Caro 
nitrogenation furn<fices to ])roduc^e 46,000 tons of cyanamide per 
annum. 

For some a ears ferro-alloys, electric stnel, electric pig iron, silico- 
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manganese, abrasives, such as “ boro-carbon,” aluminiun^ chlorates, 
chlorine, caustic soda and other products have also been manu- 
factured in the Pyrenees. 

The Soci6te Norvegienne de I’Azote et de forces hydroclectriques of 
Notodden (see Chapter IV.) acquired the rights to utilise the Soulom 
water powers in 1917 from the »Southern Railway Company. They 
erected an atmospheric nitric acid works at Pierrefitte-Ncstalas, 
emj)loying the Birkeland-Eyde process as used at Notodden. The 
installation comprises 4 furnaces utilising 4,000 kw. each, and 
during the War concentrated nitric acid alone was manufactured 
for the production of explosives. The wiiole of the acid is now con- 
verted into calcium nitrate, excepting for a small quantity which is 
converted into sodium nitrate. In 1919 the Societe Norvegienne 
transferred the works at Pierrefitte-Nestalas,* of tlie value of about 

12.000. 000 fr., to the i^ew Societc Fran9aise de I’Azote, which intends 
to devote a capital of 40,000,000 to 50,000,000 fr. to the nitrogtm 
fixation industry. It also transferred its concessions of watcir powers 
on the Gave de Gavarnic above Pierrefittc to the new' company. It 
is intended to obtain 32,000 h.p. by the development of the water 
poweTs of Luz (Hautes Pyrenees) and (Jedre ; for this purpose the 
Gaves (streams) of H6is, Estoube, Garvanie and Aspe will be 
utilised, the latter having a fall of 270 m. ; they are estimated to 
develop 1(),870 h.p. When the powc^r station at Luz on the Gave 
de Pau is finished, power will be received from there, and the })ower 
station at Soulom will then be available for other pur))oses. The 
Kuhlmann-LambcTt-Riviere group (with about 10,000,000 fr.), the 
(V)mj)agnie nationale des Matiert's colorantes, and the Soeiete des 
Produits de TAzote, are said to be interested in the Soeiele Fran^aise 
de I'Azote. 

Tile ‘‘ Chaudroniieries des Pyrenees Soc. anon.’’ was foundeefin 
1920 with a capital of 4,000,000 fr., and is mainly devoted to the 
electric iron industry. • 

The Societe I’Air Liquide, wdiich increased its cajiital from 

11.000. 000 to 15,000,000 fr. in 1917, owns oxygen works in Paris, 
Le Havre, Nantes, J^inte-Siinte-Maxence, Audincourt, Lyons, 
Saint -(diamond, Marseilles, Rouen, St. Nazaire, Hordcaux, Nanc^y 
and Henin-Lietard. In 1919 it was erecting' tw^) iinjiortant instal- 
lations for the [iroduction of hydrogen ft)r airshijis from steam and 
iron. It also built electrolytic liydrogen plants for the arsenals at 
Cherbourg and Toulon. The company is rejirest nted abroad, by 
works at Vancouver, London and Sudbury, in Panada, at Ougree 
in Belgium, and in Italy, Japan and the United States (by the Air 
Reduction Company). The full name of the company is TAir Liquide , 
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Societe Ationyme pour TEtude et TExploitation des Proc6d4s 
Greorges Claude, Paris, and utilises the Claude process for the pro- 
duction of liquid air with expenditure of external energy, the liquid 
being fractionated. Apart from the Linde and Heylandt processes, 
which both produce liquid air with expenditure of internal work only, 
it is the mosC, widely used process. M. v. Unruh gives the following 
figures at the end of 1910, which probably correspond approximately 

with the actual state of affairs : — ^ Production in million cubic 

metres of oxygen gaa at the 

Process. end of 1919. 

(1) Ges. fiir Lindes Eismaschinen A. G. 

Hbllriegclskrciith, near Munich (pro- 
ductive capacity 72-5 million cu.m.) 45 to 50 

(2) Heylandt C^les. fiir Apparatebau m.b.H. 

Beilin -Mariendorf . . 14 to 15 

(3) L’Air Liquide, of Paris . . *3 t(v 4 (sec 

I Fc reword) 

L'Air Liquide became more closely identified with the nitrogen 
industry when G. CUaude produeed liis })roeess of dire(‘t synthesis of 
ammonia. It is similar to the Haber-Bosch ])rocess, thoiigli (Claude 
proposes to use a pressure of 1,000 atrnosplieres and to obtain gases 
containing more than 40 per cent, of NHg instead of 13 per cent, at 
200 atmospheres as hit herto. At a tern perature ( )f 500'^’ to 700'^ C. 0 gm . 
of NHg are said to be obtaiiu'd for (iach gram of catalyst compared 
with 0*5 gm. hitherto. It was already clear from Haber's work that 
an incTease of pressure would result in more favourable yields of 
ammonia.*'^ (Maude's proc<^*ss wjll be more comj)letely discussed later. 
Apart from numerous other publications,® (!)laude discaisscs the 
advantages of his method of working very completely in Compt. reiid. 
170 , 174 -177 (1920),^ and considers that it will result in considerable 
('conorny of energy. Ammonia from the high-j)ressure apparatus is 
separated as liquid without loss of pressure. Claude recommends the 
further utilisation of the ammoni?^, by the Solvay ])rocess. He 
pro})Oses to separate NaHCX)3 and NH4CI cons(HMitivc‘ly from tlie 
liquors by cooling to | C., utilising for this purpose the heat of 

evaporation of the liquid ammonia from the C3aude syjithesis.^ 
The propf)sal to use tlie ammonia soda process in conjunction with 
the Jiitrogen industry is not new ; thus the B.A.S.F. applied for a 
German ])atent for a similar method in J915, and the Bayrische 
Stiekstoff-Werke A.G. patented a similar j)roeess in 1916.® Claude 

^ F. Ulhnann, “ Encyclopa'dia,” vol. VIII., 1919, p. 637. 

- Zeitsch.f. avgew. Chem., 1920, ii., 82 ; Um^'hav, 1920, p. 211. 

3 rompL rend., 169 ,. 649, 10;}9 (1919); Chem. ZeniralhL, 1920, ii., 431, 637-638. 
English pat. 130,086/1917, etc. 

* (^hem ZentralhJ., 1920, ii., 624. 

Cfwm.. Zig., 1919, ji. 727 ; 1920, p. 152. 

0 Ibid , 1920, p. 152. 
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maintains that he can work more satisfactorily and conveniently at 
pressures of 1,000 atmospheres than at 100 to 200 atmospheres. 
His process is said to have been successfully operated in the experi- 
mental plant at La Grandc-lWoissc (see below), but the reports 
presumably refer merely to large-scale technical laboratory experi- 
ments, such as were communicated by d'Arsonval at the close of 1 919 
to the Academic des Sciences in Paris. i This communicaticm was to 
the effect that very shortly Claude would be al)le to demonstrate a 
model which would produce 200 litres of liquid ammonia per day. 

If one considers how difficult it was to convert the Haber-Bosch 
high-pressure synthesis into a workable process, it is readily under- 
standable that in German expert circles the (Uaude process is regarded 
with considerable reservations. It is not at all clear that it is possible 
to work technically at 1,000 atmospheres more easily and cheaply 
than by the Haber pijocess at 200 atmospheres, even by modifying 
the apparatus used in the latter. ^ 3 • ‘ 

In June, 1919, I’Air Liquide and the Compagnie de Saint-Gobain 
founded the Societe (Jiimique de la Grande- Pai’oissc, the initial 
caintal of which was 20,000,000 fr., which was increased in 1920 to 
34,000,000 fr., in order to exploit G. Claude's jwocess of manu- 
facturing ammonia. For this purpose I'Air Liquide placed at the 
disposal (>f the new company the works at (jlraiidc i\ir(dsse, near 
Montcreau, which were utilised during the War for the manufacture 
of liquid chlorine. The additional capital of 14,000,000 fr. is to be 
utilised to further devidop the manufactures hitherto pursued, more 
particularly the liqiaJaction of air affd so forth, and also the pro- 
duction of ammonia by (laude's j)roeess, after exfHTimi'nts lasting 
over a considerable time had been carried out, tli'c results < f 
which were favourable. Licences to use the (■laude process were 
acquired for Great Britain, South Afrhai, India, Australia ifiid 
New Zealand by Cumb(*fland Coal, J^)wer and (Iiemicals, Ltd., 
in the spring of 1920 in order in The first instance to (T^K*t a works in 
Cumberland. The first technical unit to (‘inploy tlie (Uaude process 
in the experimental works at La Grande -l^inusse is said to be work- 
ing satisfactorily. 

In spite of these promising indications, latter events seem to 
indicate that the Claude process is not fully .'flile to comjK^tc; with 
the Haber-Bosch process. Negotiations between the French 
Government and the B.A.S.F. concerning the erection of an am- 
monia works utilising the Haber-Bosch process, which had been 

^ Chem. Ztg., 1920, p. 152. • 

^ Zeitsek. f. angtw. (^hcm., 1920, li., p. Ill ; (Jhem. 1920, p. 220. 

® Supplemeiiitary dotHils regarding “ I’Air Li<piide ” and Uie Claudo process will 
be found in the Foreword. 

A.N. 


12 
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carried out for a considerable period, terminated in the signing of 
an agreement on November 11th, 1919.i The French Haber plant 
is to be erected by jmrtially utilising the explosive works near 
Toulouse 2 ; the Government is entrusting the operation of the 
jirocess to a private company, the Etablissements Kuhlmann. The 
fact is rcunarka-ble that tlie German process was chosen instead of 
tJie French procjcss, for although the acquisition of licences for the 
former process was ensured and facilitated by the stipulations of 
the Versailles Peace Treaty, the French Government was able to 
choose freely, having already negotiated with the Claude group. 
The Cie. Nationale de TAzote, with 12,500,000 fr. capital, was founded 
for tlie exploitation of the HalxT process ; the Mines de Bethune, 
the Compagnie Nationale des Matieres Colorantes, the Etab- 
lissements Kuhlmann, the iSociete des Produits Azotes and others 
are represented in this concern. Interest is also being shown in 
France in tlie modi'rn development of the German calcium cyanamide 
industry, so that eo-operation of works in both countries may 
possibly !)(‘ exjiectod.^ The jiartial utilisation of Claude's process 
in eoiijunction with the other is foreshadowed in Toulouse.'^ 

Two companies afliliated with I’Air Liquide, namely, the Societe 
Algerienne and Socaete Tunisienne de Gaz (bmjirimes, combined in 
1919 to form the Soeiete Nord- Africa! ne de Gaz (^om primes. The 
capital r)f the new company, which is interested in the Soc. Marocaine 
de Gaz (bin primes, is 1*4 million fr. 7’he co-ojieration of TAii’ Liquide 
with SteariiKTies et Savonneries Lyonnaises, wliieli was nqiorted 
early in 1 920, is doubtless (/mneeted with the interest of I’Air Liquide 
in th<‘ manufacture of hydrogen . 

The Soeiete Industricllc de Chimie d' Extreme-Orient of Paris 
and th(‘ Soeiete ( Vntrale des Industries de I’Air Liquide et de I’Azote, 
which was founded in 1920, and increased its cajiital to 20,000,0(K) fr. 
in li)20, are working in the same field as I’Air Liquidi*. 

A inoveimuit has arisen in France, at the head of which is (Jamille 
M^itignon, Professor at the College de France, which endeavours to 
show that the leading idea of the Haber process is not of Gorman 
oi;igin. C. Matignon has reiieatedly endeavoured, both verlially and 
in writing, to prove the correctness of his views, without having been 
able to confirm theiii satisfactorily.® He first mentions Le Chatelie|*’s 

^ Zeitsch.f. (UKfeir. ('he hi. , 1020, li., 270. 

2 (^/if Hi. 1020, p. r)()4. 

MHaUha,,se, 1020, p. 1108. 

■* Zf'itftch. f. aiujcir. ('hem., 11120, ii., 204. 

4;i See foreword. 

^ Zfihsch. f. anyem. V 'hem., 1020, ii., 239. 

“ LeetureK on Mai‘< h 10th, J9I(> uiid March, 1918; Hesso-Orossmann, “ Englands 
HandeJKkrieg nrnl die Chernisidie iridustrie,'’ vol. iii. (Stuttgart, 1910), pp. 47-74 ; Chem. 
Zkj., J9J8, p. 412 ; also Zeitsch.f. aiujew. Chem., 1918, iii., 282, 358. 
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French Patent 313,950 of 1901, which deals with oxpeijiTicnts with 
compressed mixtures of nitrogen and hydrogen, whieli united witli 
violent explosion, air having gained access to the gaseous mixture. 
At the Twenty-fourth General Meeting of tJio German Ihnisengesell- 
schaft at Berlin, in 1918, C. Bosch i)ointedJy criticised Le Chate- 
lier’s alleged priority.^ Matignoii and Haller then ealh'd attention 
to British Patent 1,833 of the year 1865, in which Hufrej^ie applies 
in th(^ name of Charles Tellier for a process in which ammonia is 
produced as a by-product in the i)roduction of oxygen by the direct 
combination of hydrogen and nitrogen with the assistance of spongy 
iron. According to the French patent of Tessie du Motay, No. 
92,346 of 1871, ammonia is obtained by alternately passing hydrogen 
and nitrf)gen over heated titanian nitride or, according to French 
Patent 138,472 of 1881, over finely divided iron. Tn the correspond- 
ing German Patent, J 7,070 of 1881, which is taken out in the name 
of a firm founded by Tellier, reference is made to the influence of 
pressure (10 atmos])heres). According to French Patent 255,183 of 
1896, by the La Christiania Mine Company, nitrogen and hydrogtui 
are passed through a heated chamber containing a titanium catalyst. 
Matignon and Haller also refer to the work of llamsay and Young 
(1884) and of Halvati in 1895, in order to su])port their contention, 
which centres on the cpiestion whether the Habei patents may be 
considered as valid. 

Apart from other considerations, it should be clear, even to the 
opponents of the HaluT-Bosch process, that it would iiardly l)e 
possible to carry on the works at Oppau anti Ltuina with the h(4p of 
any of the patents abovt' referred to, and that this facl^ alone indi(;ates 
the achievement of a new technical effect by the lb\ btT-l>oseh ])ro- 
cess to wdiich paragraphs 1 and 2 of tJit^ German Patent Law" of 
April 7th, 1891, can be apfdied. * 

In 1919 the S(K*iete tPEtudes de PAzote was founded in Paris 
with a capital of 1 ,500,000 fr., in order to acquire pate*its, concessions 
and j)rocesses bearing on the atmosjdieric nitrogen industry. The 
new company is particularly concerned witJi the utilisation of rights 
arising out of the Versailles IVace Treaty, for exam])le, the Haber 
process. The practical exploitation of any patents, and so forth, 
which may be acquired, will be transferre^d from the com])any to 
operating companies. The comj)any imit(^s the interests of tlie 
following firms ; Societe de Saint-Oobaiw, Produits (yhimiques 
d’Alais, PAir Liquide, Soc. Generale des Nitrures, Usines du Rhone, 
Lc Creusot, Compagnie Nationale de Matieres Colorantes, Etablisse- 
inents Kuhlmann,.ISoc. Gillet et fils de Lyon, Soc. des Produits 
^ Zeilsch. f, amjew. Chem.t 1918, ii., 242. 
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Azotes, Soc, des Mines de Lens, iSbc. d’Elcctrochimie, aCtid Soc. des 
Mines de Bethune, which are thus combined into a syndicate dealing 
with nitrogen fixation. From the commencement the company has 
mainly concerned itself with the Haber-Bosch process. The con- 
clusion of the agreement between the French Government and the 
B.A.S.F., which was supj^orted by the introduction of a law by the 
Minister for War, approved by the Chamber, may be considered to 
be due to the initiative of this company. 

The by-product coking industry has not developed nearly so 
rapidly in France as in other industrial countries. The production 
of ammonium sulphate, in tons, in 1900 and 1910 was : — 



Germany. 

Great 

Britain. 

Uiiiiod 

States. 

Fraiujc. 

World 

Production. 

1900 . * . 

] 20,000 

213,000 

58,000 

37,000 

496,000 

1910 

373,000 

369,000 ! 

! 116,000 

56,000 

1,057,000 

Ratio of increase. 

1 : 3-1 1 

i 

1 : 1-73 

1 : 2-0 

1 : 1-5 

1 : 2-13 


The War, whicli more particularly affected tlu' industrially 
important departments of thi^ north and east, had a devastating 
effect. The ammonium sulj3hate production (in tons) was as 
follows : — 


From gas woi ks 
From efiluents, sewag(*, etc. 
Frohi cok(' ovens 
From various sourc^cs 

^ Totals 


1913. 

1917. 

Percentage 

Diminution. 

22,000 

19,200 

12-8 

1 2,000 

5,500 

54- 1 

38,500 1 
3,500/ 

9,300 

77*8 

7e,ooo 

34,000 

55-3 


The extraordinary value t)f by-product recovery was only recog- 
nised in Franc^e at a relatively late date ; only for this reason was it 
possible that larger ifon and steel works, sucli as those of Creusot, 
should use raw coal, whi(di had not previously been cok(rd, in their 
blast furnaces. We learn from a report which L. Tissierr presented 
to the French C^hainber on February 19th, 1918, in reference to the 
Bill for the establishment of a central control of chemical fertilisers,^ 


^ See He8se-Grosamann, “ Eiiglands Uandelskrieg und die Chemische Industrie ’* 
'Stuttgart, 1919), j»j>. 37-40. 
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that these circumstances had improved little, if at all, in the interval. 
It may be considered as an accidental circumstance that raw French 
coal is at all suitable for use in blast furnaces, as this is not the case 
with every kind of coal, but, on the contrary, a particularly resistant 
quality is required wliich is not crushed under the weight of tlie charge. 
A blast furnace of average size produces 100 tons (rf pig iron per 
twenty -four hours, and requires for this purpose 150 tons of coal ; 
this would give on the average during the previous coking 150 X 10 
= 1,500 kg. of ammonium sulphate. As the French production of 
iron in 1913 was 5-1 million tons (69*3 per cent, from the east, 17*1 
per cent, from the north), and as one may assume, from what we 
liave already mentioned, that a considerable proportion of the blast 
furnaces work without previous coking of the coal, the to.tal loss of 
ammonium suljdiate is (certainly very considerable. In 1919 the pig 
iron production of trance was 2*412 million tons, f)f which 1*112 
million tons, or 40*1 per cent., was from Alsace-Lorraine (which 
produced 4,000,000 tons before the War), and 469,954 tons, or 19*4 
per cent., came from Eastern France. The French ju'oduction of 
iron ore was 13,871,137 tons in 1920 and 9,429,789 tons in 1919. 
The unsatisfactory position of the coke industry, and the fact that 
the larger ])roportioii of the producing works hiy 'n the occupied 
territory, explains how it is that the atmospheric nitrogen industry 
was able to develop with such astonishing speed in France by 
utilising tlu' wealth of available water x)owcr. 

The backw^ard condition of the»Fren(‘Ji coke-ov(m industry has 
re(^ently been recognised by the experts ; Professor Berthelot came 
to the (conclusion, in a lecture to the Hocactc de Ohimie Industriellc,^ 
that tluc Americans are very much more advanced in this re?spect. By 
suitably increasing the dimensions of the ovens and lining then^with 
silica bricks, they have been able in America to increase the output to 
20 tons of coal per oven daily«compared with 6 to 8 tons in France. 
The constructional costs arc ffs 8 in America to 9 in France, and the 
cost for labour, up-ket'p and so forth as 2 to 3. The credit for the 
superior American results is primarily due to the Koppers Company, 
which is the American branch of the German firm of H. Koppers, of 
Essen-on-Ruhr. According to a rejn^rt of 4^he last-named firm,^ 
72 per cent, of American by-])roduct coking ovens are at j)resent of 
the Koppers type. The French ovens need much gas for heating, 
while German ovens only require 137 kg. of coke for this purpose per 
ton of the coal which is (5oked ; the costs for upkeep, w^ages and 
power are relatively very low in the case of the latter. In England 

^ MetcUlbOrse, 1920, p. 1160. 

2 MUteilungsIicJie, 1919, No. 9. 
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the beehivc’ovens arc being methodically replaced by modern coke 
ovens. The question of the most suitable fire-brick and of methods 
of prevention of corrosion of the oven walls by coal containing 
sodium c^hloride have been successfully dealt with in that country 
by Hancock and otlicrs. At the close of tlie lecture, Bertiielot refers 
to a new coking j)rocess by Charpy, Godcliot and Hecorps, by means 
of which otherwise unsuitable coal is to be coked in two stages. 

France consumes 12,000,000 tons of (;oke per year and produces 
2,000,000 tons. This heavy deficit will undoubtedly lead to en- 
deavours to increase tlie output of the French coking industry within 
tJie next f(‘w years ; far larger quantities of ammonium suljfiiate 
may thert'fore be rclicMl on from this source. In 1020 a company 
was fi>unde(l in Paris Avith a. capital of 7.000,000 fr., named the 
Fours a ( V)kc (*t Installations Metal lurgiques. 

The larg(‘ firm Elablissements KuJilmann ivstarted tlieir plants 
in .B(*Igium and in the* North of France, for example at Loos-les-Lille, 
Roulmix, lii(‘me, near Ghent, etc., in May, 1020, and iiKTeased their 
<‘a|)ital at that time from 00,000,000 to 100,000,000 fr. The firm 
owns nine (‘liemical works which manufacture sulphuric acid, sul- 
j)hates, such as ammonium sulj)hate, chlorine and sodium com|)ounds, 
such as ('au-d(‘-eTavelle, and also su])erphosphates. I'he capital 
iiicrease of 40,000,000 fr. is to be used for new construction, repairs, 
and so forth. Th(‘ Etablisscnnents Ivuhlmann, the founder of which 
discovered the method of catalytic combustion of ammonia with a 
platinum contact (see abov'<‘), is,^he ])roperty of the Socicte d’Etudes 
de rAz()t(‘, already referretl to, and rc'ciuitly acquired from the 
Governnumt the explosive works at Toulouse*, in whicJi it is proposed 
to o]x*rat(‘ th(5 Hal )ei’- Bosch process. 

j)eat ))ogs of France, many of wJiich are very important, 
have not as yed l)een mucii exploited industrially, although attention 
has recently been dirc'cted to thein.^,. In (diateauneuf, in Brittany, 
th(^ >\'ater contents of p(‘at arc reduced by pressure from DO to 00 
per c^ent., and siqierheated steam is then blown over it for 25 
minutes at lOO'P., accordnig to an improved Ekenberg process. 
Aft(T r(*-])ressing t he peat is dried and is sold as a fuel under the name 
of “ turbon.” 

France is one of tlie few countries in which considerable quantities 
of ammonium sul])liate are obtained from fjeces and by gasification 
of the sludge from flu* purification of effluent waters. Tlie quantities 
of ammonium sulphate obtaiTied in this way amounted to 13,000 tons 
in 1905 (of which 10, *000 tons came from Paris), 12,000 tons in Il5l3, 

’ (J. Galuinp and 0. Hoiilbfirt in t.hc Anadiimiu flea yrionces. May 18th, 1918 ; Chem. 
Zig., 1918, j). 453. 
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and 5,500 tons in 1917. In 1912 France utilised tlrt* following 


(luantities of fertilisers : — 

Tons. 

Superphosphate .... 1,1)41,000 

Basic slag 071)!000 

("hiJo nitrate ..... :100,000 

Synthetic nitrogen compounds a, 400 

(Calcium cyanamide .... 50,00() 

Ammonium sulphate .... 1)0,000 

Total consumption of nitrogen 0l),:U)S 

Potassium sulphate .... 1(>,000 

J\)tassium chloride .... 45.000 

Total consum})tion of potash 44,120 


111 the year 11)17—18 th(‘ following 
agricultural purposes : — 

Superphosphate 
Basie slag 
(Uiile nitrate 
Ammonium sulphate . 

Total nitrogen 
Potassium ehloridi^ 

Total potash 


quantities w(Tv‘ siipjilied 


Tons. 


4:a).ooo 


80,000 

50.000 

34.000 
10,4.35 

15.000 
11,275 


for 


L. Tissi('r estimates that in 1917-18 the land available for eulti 
vation in France was reduced by 2*4 per cent., that is, by about 
51-1)0 million hectares, due to the circumstance that a considerable^ 
portion of France could nr»t be eliiL^ctively cultivated during War 
conditions. Allowing fen this circumstance, tluTc was a deheit in 
the su])])ly of fertilisers of 70*8 per cent, of su])erp]ios])hate, 88*2 
per cent, of basic slag, 70-4 per cent of nitrogen, and 74-.3 per cent, 
of potash, conijmrcd with the sujiplies in 1 912. In 1 91 7-18 tlu-^main 
(piantity of the synthetic nitrogen compounds was bcang used for the 
production of munitions. ^ 

Tn 1918-19 21,250 tons, of nitrogen and l-(r5 million Jons 
of })hosphatic fertilisers were available for agriculture. A])art 
from tlu^ Alsatian potash mines, the salt beds In the South of Tunis, 
covering 20, ()()() hectares, should su])ply .30,000 to .35,000 tons of 
fertiliser annually, containing .30 to 45 per cent^of ])otassium chloride. 
In the spring of 1917 only about 180,000 tons of suj)er]))iosphatc 
could be prf)duced, as the greater part of the sul])huric acid was 
required for the production of munitions. At that time the Ministry 
of Munitions only liberated 10 per cent, of the ])ro:lu(‘tion of acid 
for the purpose of superphosjihate manufaciture. At a later period 
sodium bi sulphate" was utilised instead of sulfihuric acid ; 500,000 tons 
of sodium bisulphate per annum were produced as a b 3 ^-product by the 
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munitions at 1 fr. per ton. In spite of the protests of the 

superphosphate works, the request of the Ministry of Agriculture 
for support for this new industry was not acceded to. In accordance 
with an order of the War Ministry, the explosive works at Angouleme 
and Toulouse erected experimental plant for an output of 1,200 tons 
per monUi, in order to persuade industry and agriculture of the 
utility of the ne^w method. Superphosphate manufactured in this 
manner contains only 7 to 8 per cent, of jdiosphoric acid. The 
French sulphuric ncids works, which had an output of about 
1,000,000 tons, calculated as 100 per cent, acid, in 1913, arc now 
able to supply 2,000,000 tons. On the initiative of the Under- 
secretary of State for Artillery and Munitions in November, 1915, 
a union of sulidiuric acid manufacturers was formed, the Union des 
Fabricants d’Acide Sulfurique de France, which included almost all 
the prodiu^ern wdth the exception of tlie C ompagnie de Saint- 
Gobain. Tlie latter com2)any was foimded in 1915 on the initia- 
tive of the Munitions Ministry, in order to exploit tli(‘ pyrites deposits 
of Saint-Gobain. In spite (»f increased ]>roducdion. amounting to 
90,000 tons per month in 1910, this was still insufficient, so that 
the Union erected a num])er of new sulphuric acid works on behalf 
of the Government, which su])plied 100,000 tons per month at the 
commencement of 1918. In the Department of the Bouches-de- 
Ilhone alone sufficient sul])huric acid can now Ixi 2)roduced to supply 
the peace reepurements of Fraiuie. The production of explosives 
increased from about 15 tons per day in 1913 -14 to 1,000 tons at the 
end of 1910. In January 1915 the output was 150 tons per day, and 
in the s])ring of 1910 750 tons })er day. 

The annual production of nitric acid in 1913-14 was about 
15,Q00 tons. During the War so many Valentiner nitric acid plants 
were erected that in 1918 30,000 to 50,000 tons could be produced 
per month. This enormous increase. ex])lains without difficulty the 
enormous quantity of bisulphate obtwned as a by-product according 
to the equation : — 

NaNO, I NallSO^ | HNOg. 

The values of the* nitric acid iTn])orts into France were : — 

Fr. 

1913 (332,115 tons) . . 8,295,000 

1914 (297,190 tons) . . — 

1915 ..... 876,333,000 

1916 405,525,000 

1917 408,298,000 

1918 221,147,000 



MINERAL ACIDS OUTPUT OF CHEMICALS IsS 

In 1918 the French Government made every endeavour to increase 
the imports of nitrate. Thus they allowed French vessels carrying 
Chile nitrate to return with articles the export of which was otherwise 
forbidden. Even during the first period of the War there was for a 
time a tax on the storage of Chile nitrate. This tax amounted to 
3-60 fr. per 100 kg. gross weight in 1920, when it was le -introduced, 
but no direct tax is to be levied on Chile nitrate imports. * 

The following table contains the figures for the national output 
capacity of French industry in 1913-19. Naturally these figures 
were far from Ixang attained in j)ractice ; instead of 3,000,000 tons 
of 100 per cent, sulphuric acid, 2,000,000 tons only were actually 
produced, and only 100,000 tons of cyanamidc instead of tlio 
maximum output caj)acity of 300,000 tons. TJje outj)ut capacities 
in tons were ; — ^ 


1913 


1919 


Sulphuric acid, 58 ’ Be. 
Sulphuric acid, Be. 
Fuming sulphuric acid 
Nitric acid . 

Sodium salts 
Liquid chlorine 
(Calcium carbide , 
(Calcium cyanamide 
Ammonium salts . 
Nitrate 

Natural phosphate's 
Superphosphates . 
Phosphorus . 


Outj>iit 

(Capacity. 


1 , 1 60,000 

58.000 

6,000 

2,000 

625,000 

300 

32.000 
7,500 

75.000 

2.700.000 

1.965.000 
•300 


(Consump- 

tion. 


1,172 500 

58.000 

6,000 

185.000 

506.000 

i 

28.000 

8,000 

95,000 
9,500 

1,220,000 

1 ,900,000 
30 


Output 

Capacity, 


2,50''' 900 

1,200,000 

300.000 

360.000 

800.000 

200,000 

300.000 

200.000 

250,000 

3,000,000 

2,500,000 

3,600 


CoiiHUinp- 

tioii. 


1,500,000 

25.000 

20.000 

650,000 


150.000 

520.000 
2,700,tK)0 

2,500,000 


Broadly speaking the above tabic is of limited value only. The 
nitric acid production for 1913 is given elsewlu'Te as 15,000 tons, 
which is a more accurate figure. ^ The fictual production of calcium 
carbide in 1918 was about 120,000 tons.® The new works, with an 
output capacity of 150,000 to 180,000 tons, only started partial 
production after the conclusion of the Armistice, so that an actuaf 
production of 200,000 tons for 1919 is probably in accordance with 


^ Zeit^R'h. f. angew. Chem., 1920, li., 178. 

2 Ibid., 1919, ii., 502 ; Vhem. ZUj., 1919, p. 679 
® Urrtfichnu, i920, p. 75. 
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the facts. «?As has already been mentioned, only about 100,000 tons 
of cyanamide were produced in 1019. The figures for ammonium 
salts in 1919 show the influence of the synthetic production, if one 
allows for the decliiu^ of th(‘. coking industry, as ap 2 )roximately 
125,000 to 150,000 tOiis out of the total production of 200,000 tons 
may be ascribed to the synthetic products (ammonium sulphate and 
ammonium nitrate). On the assum 2 )tion that of the C()nsum 2 )tion of 
nitrate, which was 520,000 tons in 1919, 300,000 tons were used for 
agricultural 25nr2)oses, as in 1912, and that the remaining 220,000 tons 
were converted into the tlieoretical quantity of 14S,000 tons of 100 
23er cent, nitric acid, there remains in 1919 an excess of 212,000 tons 
w^hich must have been obtained synthetically, but this figure is 
obviously much too high. Naturally such calculations rest on very 
uncertain foundations, and can only lead to a 2 ) 2 )roximate figures ; 
thus the heac^ing “ nitric acid ” contains no n^Verence to the strength 
of the product, which w(^ have therefore here assumed to be 100 per 
cent. ; in S23ite of these difiieulties, however, the figures give some 
indication of the actual achievememt of tlu‘ French nitrogen industry, 
which developed to an extraordinary extent during the War. The 
2 )ro 2 )ortional increase of the cyanamide industry during the interval 
1913-19 is actually greater than in Germany, if we consider either tlu^ 
maximum oiitjuit figures or the actual 2 )roduction. 

If one considers all the more or less reliable figure's, the maximum 
annual out 2 )ut ca 2 )acity of the French nitrog(*n industry will 2 Jrobably 


be a 2 ) 2 >r()ximately as follows 

Tons. 

Atmos 2 >heric nitric acid and nitric aeud 2>ro- 

duced by oxidation of ammonia . . 50.000 

(\vanamide ...... 300,000 

^ Synthe^tic ammonium salts from cyanamide 125,000 
Ammonium salts from coke ovens . 75,000 

Salt 2 )etre and other nitrafes (ammonium 

nitrate, calcium nitrate) . . . 100,000 


It should be observed, however, that in these statistic*s various 
2 )roducts a232J^^a'r more than once, for exanqde, ammojiium nitrate 
and ammonium salts from calcium cyanamide, and that tlie quan- 
tities given could fiot necessarily all be 23roduced simultaneously, 
but are de 2 )endent on one another. Thus if the manufacture of 
calcium or ammonium nitrate increased that of free nitric acid would 
be corres 2 )ondingly decreased. 

The French ex]3orts and imports of the 2 )roducts which interest 
us here in 1917 and 1919 were fis follows, ex 2 )ressed in tons : — ^ 


Zeitsch. f. angew. Chein., 1920, ii., 2(31. 
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Ex]>ort8. 


i" 

ImportH. 



1917 

1918 

1919 

1917 

1918 

1919 

Nitric acid .... 

100 

140-24 

489-3 


31-7 

.39-7 

Ammonia .... 

()7-8 

418-4 

84 fl 

.301-0 

1,551 3 

928-7 

Ammonium sulphate (crude). 


893-7 

202-8 

7,325-4 

13, *99-0 

20,708-0 

Ammonium sulphate (refined) 

257-8 

2,508-9 

142-0 

18-9 

2.55-2 

1,348-8 

Other ammonium salts (crude) 

3 :jo 

2,788-2 

33-8 

51,2.50-7 

00,031-5 

0,501-0 

Calcium nitrate and calcium 







cyanamide 


r >,.395-] 

11-0 

8,592-0 

9,233-2 

0,389-2 

Potassium nitrate 

20-0 j 

99-4 

40-2 

2,182-0 

2,041-2 

2,789-4 

Chile nitriite 

— i 


— 

249.299-5 

453,004-2 

118,254 0 

Sodium nitrate from other 







countries 

— 1 

1 


7,342-5 

0-4 

37,914-0 

Sodium nitrate total . 

4.‘10-7 1 

7,228-4 i 

538-0 

2.50.572-0 

453,004-0 

150,108-0 

Calcium carbide . 

1, 033-0 j 

704-3 : 

1,885-2 

33,093-8 

25,181-3 

15,970-3 


The 2 )riceK of tlie.moro important nitrog(*tioiis fertilisers 
100 kg. were : — 


(Jaleiiim cyanamid(% 17 
to 18 per cent. N. 

Calcinrn nitrate, 13 [)er 
c(‘nt. N, TK^t in bar- 
rels, Rouen. 

Sodium nitrate (Dun- 
kirk), IT) to 1() per 
cent. N. 

Amrnoniuni sulpliate, 
20 to 21 per cent. N, 
f.o.r. Paris. 


per 


Ammonium nitrate, 33 / 
to 34 per cent. N. 1 
(Commencement of 1019 : 


December, 11)19 . 

Pi. 

70 

riamiary, 1920 

70 

March, 1920 

92 

December, 1 9 1 9 . 

75 

January, J 920 

75 

March, 1920 

82 

May, 1920 . 

104 

December, 1919 . 

. 100 

January, 1920 

1 20 

Mareli, 1920 

124 

May, 1920 . 

140 

December, 1919 . 

. ] 55 

January, 1920 

155 

March, 1920 

100 105 

Mav, 1920 . 

. 175 

lit of 1919; 90 fr.) 


March, 1920 

, 1 50 


145 fr. ; earlier, 318 fr.) 


On August 8th, 1010, detailed negotiations were carried on at 
Versailles regarding the deliveries of ammonium sulphate according 
to the T\^ace Treaty of Versailles. Thus for April, 1020, the ])rice of 
German ammonium sulphate f.o.r. at French frontier stations was 
155 fr. (see also Cha})ter III.). 

The Societe d’Eclairage, Chauffage et Force motrice ])ar le Gaz, 
of Gennevilliers, cominenced during the War to roast spent oxide 
with about 50 per cent, of iron j)yrites in Herre'shoff ovens in order 
to obtain the acid necessary for fixing their ammonia. 

The French atmospheric nitrogen industry certainly played 
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and more than 24 per cent, of this total, namely, 2,219,868,000 tons, 
was exported. The production of coke in millions of tons was : — 


1905 

1910 

J91.3 

1915 

1917 

1918 


17*732 

19*642 

18*645 

20*059 

21*995 

21*066 


In 19 J 8 38*220 million tons of coal were converted into coke. 
The coke so produced had a value of £35,414,000. Since 1899 a 
decrease in the amount produced per man employed in the pit has 
])ecome noticeable, having dropped from 310 tons in 1899 to about 
230 tons in 1919.i 

Increased attention has been directed to economy in fuel and in 
the utilisation of thermal energy. By centralising the production 
of 2 X)wer and utilising all the by-j)roducts, it is hoped that £100,000,000 
can be saved annually in England, and that by this means the taxa- 
tion difficulty may be diminished. The number of electric power 
stations in 1918 is given as 600. A committee of the British Board 
of Trade ^ proposes to replace the smaller, uneconomical, power 
stations by 16 large jxjwer stations. These are to be situated 
on important waterways. In this way it is estimated that 55,000,000 
tons of coal would be saved annually. The water powers of Scotland 
and North-West Ireland are to be included in this jirogrciinme. So 
far tliey have only been uti]is*^d on a small scab' for the production 
of aluminium. A sul)sequent plan of the British Government pro- 
vides for a similar unification of electric supply from 12 power 
stations ^ for’ a provisional ])eriod. All industrial works will be 
forced to draw their supplies from these central power stations. A 
jjortion of tht‘ munitions works arc building motors of standard 
design and other requirements for this electrification scheme. The 
sUT)ervision of this work has been entrusted to the Coal and Power 
Group of the Beconstructioii Commissioji, which is divided into 
two sub-divisions for the' 2 )reservation of coal suj)plies and for the 
supply of electric power. * 

At the close of the War the British output per year was about 
100,000 tojis of nitric acid and sujphur-trioxide, 60,000 tons* of tri- 
nitrotoluene, and 35,000 tons of cordite (produced from guncotton 
and Hitro-glycerin). The manufacturing costs per ton were about 
£185 for j)icric acid, £50 for ammonium nitrate, and about £100 for 

^ Zcitsch. f. angew, Ohe.m., 1920, ii., 21. 

2 Ibid., 1918, iii., 363. 

® Ibid., 1918, iii., 463. 
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trinitrotoluene. From the first, therefore, efforts weren made to 
replace picric acid by ammonium nitrate. At an early date the 
Research Department at Woolwich introduced a mixture of 80 parts 
of ammonium nitrate and 20 parts of trinitrotoluene. This mixture, 
which is known as “ amatol,” is 5 per cent, more effective than other 
high explosives, such as those containing picric acid, lyit possesses 
less brisance, and is more difficult to detonate. The manufacturing 
costs, amounting to £60 to £65 per ton. were naturally considerably 
less than those of picric acid. Amatol was, finally, so much improved 
in quality that it was used on a large scale as a substitute for picric 
acid for filling shells. The manufacture of picric acid in England 
ceased entirely in the summer of 1918.1 

The choice of amatol as the normal shell filling necessitated the 
production of about 3,000 tons of ammonium nitrate per week. 
Ammonium nitrate thus became the main j^roduct the British 
nitrogen industry. At first the oxidation of ammonia to nitric acid 
was not considered ; at a later date, when tlie supply from Chile 
became difficult, the works at Dagenham were started. At the same 
time a,mmonia oxidation plants were erected at a number of gas- 
works in order to produce ammonium nitrate directly. Initially, 
and for a considerable time, ammonium nitrate was mainly j)ro- 
duced by Brunner Mend & Co., Ltd., and elsewhere, iiy one of the 
following 2)rocesses : — 

(1) 2NaN()3 + CaCla = 2NaCl f- Ca(N()3)2 

Ca(N03)2 I- (NH^lsSO^ - 1- 2 NH 4 NO 3 

(2) NaN03 }- NH3 f CO2 + H./) - NaHfX)., + NH^NOa. 

(3) (NH J2S()4 ]- 2NaN()3 - Na2S()4 -f 2NPl4N()3. 

The sulphuric acid j^roduction of the British Em{)ire increased 
from about 1,000, 000 tons before the War to 1*75 million tons-in 
1918-19. Articles in the J, Soc. Chem. hid, established the 
fact that the highly imj)ortantr synthesis of ammonia from the 
elements had hitherto appeared as an established industry in 
Germany only, and that the work achieved in Germany, resulting 
ijn the practical application of the Haber-Boseh method, “ re])rescnts 
an extraordinary achievement if one considers the complication 
of the plant and remembers that manufacture l)y the ^^rocess was 
only started in 1913.” The same article ^ also mentions that there 
were doubts whether the cyanamidc industry, which had ])een estab- 
lished in all countries taking jiart in the War, would be able to 
compete under normal conditions.® 

1 Zeitsek. f. nngew. Cheni.f 1919, i., 297 , ii., 813. 

2 Ibid., 1920, ii., 00. 

® Chem. Ind,t 1916, p. 331, 

A.N. 
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In 1910-17 the Association of British Chemical Manufacturers 
was formed to unite the whole chemical and allied industries of 
Gre^at Britain. Special Government Commissions serve or served to 
organise* the fertiliser, acetylene, oil shale and ammonium sulphate 
industries. In spite of those organisations, the Royal Agricultural 
Society liad^frecpiently occasion to point out ^ that it would be 
impossible to achieve a larger agricultural production in England 
whilst supplies of sulphuric for superphosphate manufacture, and of 
nitrate and aminonium sulphate were so deficient. After the War 
conditions naturally changed fundamentally. 

In contrast to the stagnation in other countries, British capital 
showed more enterprise in 1919 than in 1918. Thus the amounts of 
newly-issued ca])ital were : — 

1918 1919 

£ £ 

In the nitrate industry . . 192*505 172,150 

In commercial and industrial 

undertakings . . . 10,937,139 90,091,207 

English fears of (competition fr’om the German ammonia industry 
caused attention to ])e directed to the energetic study of the Haber- 
Bosch process. 

In 191() the British Patent Office granted a licence for the 
utilisation of three patents of the B.A.S.F., on the i)rod notion of 
synthetic ammonia, to (his Dev(doj)ments, Ltd., of Walsall. This 
firm had, howev(U’, so many misgivings, that they pro})osed to pay 
a small royalty only, or no royalty at all, to the owners of the 
patent, as in conscfjueiuce of the fact that the d(*scription was 
neither very (dear nor very detaikxl, elaborate researches would be 
necessary before tiu*, process could be practically utilised. The 
Parent Office finally dieided on 5 per (ent. of the sale price, 
whereas (his Developments, Ltd., had only offered 2 \ jier cent. 
At an earlier, date the Mersey (diemical Works, Ltd., of London, 
had acipiired certain of the B.A.S.E. patents for £215 and 
50 ])(T cent, of the ))r(jfits, but had not been able to use them. 
In 191(5 Gas Developments, Ltd., had already spent £1,500 in 
experiments. At that datic they announced that they had been 
succ(‘ssful, and woiild bo abh^ to produce 40 tons of ammonia per 
week henceforth. E. B. Maxted, a director of the company, esti- 
mated the cost of plant at £25,000. At a latcT date he communicated 
details of the method of working.^ Nitrogen is obtained from air 
by Pictet’s process, from a plant with a capacity of 400 cu. m. per 
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hour. Hydrogen is obtained from water-gas by the ^team-iron 
process. Maxted gives no details about the iron catalyst to which 
traces of another substance arc added. The ammonia which is 
produced is mix(id with air in the proportion of 1 to 10 (or with 
pure oxygen from the fractionation of Juj[uid air) and burnt at 
700° C. over a contact material which is not platinum. ^om 2 )arati ve 
figures are given, which are intended to show the utility of the 
method by comparing it with the production of nitric acid directly 
from the air, and with the 2 )roduction of cyaiiamide. The Research 
Dejjartment of the Ministry of Munitions has also j^rotccted details 
of a modified Haber process by 12 j)atents which were taken out 
in the names of members of its staff. 

In sj)ite of these efforts the work does not ap[)ear to have been 
crowned with success up to date, for by the middle of 1917 attempts 
were made everywhere in England to S 2 :)read the errongoiis informa- 
tion that the Haber 2 )rocess was commercially (piiic un 2 )rofitable, 
as the (‘X 2 )enses and the risk were far too high, and that the 2 )rocess 
was only definitely established in Germany owing to tJic necessities 
of the War 2 >erio(l. A new method was advocated in of the 

Haber-Bosch 2 )i*ocess, namely, that of the International Nitrogen 
and Power Com 2 )any, of LoTulon, whicli was said to be extra- 
ordinarily clicap and to render England inde 2 )endt‘nt of im 2 )orts of 
(Uiile nitrate. This 2 >rocess was said to have been worked in Man- 
chester ten to twelve y('ars 2 >i'<'viously, and it was also said that 
Manchester capitalists associated wi^Ii the bleacliing industry in- 
tended to erect a works. The scheme failed, as the furnaces and 
ap 2 )aratus could not withstand tlu^ necessary tem])eratur(i of about 
2,000 ’ It was said, however, that these difficulties had mean- 
while been overcome in a French works, whit;h had been 2 )roducirig 
for some time. It may 2 )robably be assumed tliat this secret 2 )r(itess 
consists of a modification of an^electric furnaces for the 2 )re 2 Kiration 
of atmos 23 heric nitric acid. Further detfiils have not In^en 2 )nblikshed, 
but it has trans 2 )ired that a works in Manchester manufactures 
atmos 2 )heric nitric acid utilising 15,000 h.p.- and the a])ove-mentioned 
new cntcr 23 rise was also to have been established in Manchester. 

A rej^rcsentative of the Ministry of Munitions stated in the House 
of Gommons on May 2nd, 1918, that extensive ex 2 X^riments had been 
carried out in England since July, 1916, with the object of imitating 
the Haber-Bosch process, but that it had on}y been 2 X)ssible in the 
last few months to transfer these from the laboratoj-y stage to a 
practical experimental 2^1ant. In 1919 the Westminster Gazette 

1 rhsm. Ztq., 1917, p. 888. 

3 Zeitsch. f. angew. Chem.y 1918, iii., 152. 
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reporttKl tkat the attempt to fix nitrogen in this way had been 
abandoned after the expenditure of £1,000,000 by the Grovernment. 
The paper asktnl for explanations ^ 2 )articularly in view of the fact 
that in Germany the problem had been solved with comj)lete success, 
and was of ocpial importance for military and agricultural purposes. 

On October 7th, 1919, Brunner Mond & (^o., Ltd., applied 
for the grant of licences to utilise the following 10 English 
patents of the B.A.S.F. : 17,642/09, 17,961/09, 14,028/10, 19,249/10, 
19,778/10, 6,888/11, 6,886/11, 21,161/11, 28,167/11 and 44,609/10. 
NiiK' of tli(‘se patents deal with the manufacture of ammonia and 
one with the purification of oxygen.^ These attempts have also 
been imsiiccessful so far, as is clear from the article in the »/. Soc, 
Chem. 1 71(1., already referred to, which emphasises the fact that 
ammonia synthesis has been established as a stable industry in 
Germany only (1920). * 

A number of recumstru(‘tinn committees were formed more par- 
ticularly in 1918. The Nitrogen Products (bmmittee, which was 
formed in Jun(\ 1916, is of special interest to us. The object of this 
committee was the critical investigation of the various processes 
connected with the fixation of nitrogen and a decision on their 
relative importance for England under war and peace conditions ; 
finally it was entrusted with the initiation of exj)eriments on the 
various ])roc(\sses. The committee furnished its first 2)rovisional 
re})ort in 1917 ; Sir William (Vookes, wlio was the first to j)oint 

out the im 2 )ortance of the nit’^ogen problem to the civilised popu- 
lation of the world, took |)art in its vsittings.^ Jn its final report, 
dated ,)anuarv, 1920,'* the Nitrogen Products (^>mmittee advocate 
the immediate adoption of the manufacture of cyanamide (()(),000 
tons annually), and also the immediate erection of a Haber-Bosch 
installation for an annual production of 10,000 tons of ammonia. 
It was intended that both works should primarily serve for pur- 
])()scs of national defence. An annual ja'oduction of 60,000 tons of 
cyanamide corres})onds to about one-eighth of the ammonium 
sulphate jjroduction. The -committee recommend that the cyanamide 
plant slunild c‘ither be carried on as a j)rivate undertaking, if necessary 
with Government spj)port, or as a direct Government enter 2 )risc. 
ff tlu' nec(*ssary electric power were sup 2 Jied by Scottish water 2 )ower, 
then tlie total outlay for 2 )lant would be about £1,680,000 ; a steam 

• Zeitsch. f. ariqfw. ('hew., IDll), ii., 

2 Ihid., 1919, j'i., 787. 

® J. Soc. ('hem. /w^/.„.l917, |). 1190. 

See HoMHe-drosHniann, Ullinaiin’s “ En(-yclopa?dia,” vol. 111., pp. 99 et seq. ; Chem, 
2\ade Jountal, i., 12, 1917. . ^ 

^ Etufineennq, 110, 218 (1920); Xem Znreher Zly.j July 15th, 1920; Chm, Ind,^ 
J9J8, p. 1603 ; 1920, p. 201, 
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power station wo'uld alone cost £800;000. Tlie capital icost of the 
Haber-Bosch installation is estimated at £600,000, or at £780,000 
if the conversion into ammonium sulphate is included. In the 
opinion of the Committee it would be advantageous to utilise 
for the j)urposc the works at Billingham-on-Tees^ which was still in 
a quite unfinished condition. They recommend that ^he ammonia 
oxidation process should be utilised to an extent whicdi would suffice 
for a production of 10,000 tons of concentrated Jiitric acid })er annum 
or the corrtisponding amount of nitrate. £120,000 are to be utilised 
for this purpose. T^^irther rr^commendatiojis are concerned with the 
continuation of large-scale ex])eriments and researches, the })ursuance 
of a definite policy for ensuring a future supply of nitrogenous com- 
pounds, the establishment of advisory bodies in ail })arts of th(‘. 
country, th(^ collection and publication of coniprchensive statistics 
on the nitrogen industry and the consumption of fuel# and also the 
promotion of the nitrogen industry in the colonies, among wliich 
Canada and India are stated to offer the best j)rospects, both from 
the standjioint of greater manufacturing facilities and of a large 
agricultural demand for the product. Nitrogenous fcrtiliscTs are 
scarcely used at all in many parts of the Emj)irc. This position 
would immediately be altered if th(‘ sup?ffy M ere abundant and(dieap. 

During tlu^ latter part of the War the British GovcTiiment 
decided to erect their v)wn ammonia works. An attem])t was made 
to utilise the Haber process or rather the modificaition of that jirocess 
worked out ])y Maxted at (las Dcwclopnuaits, Ltd., in Walsall, 
Staffordshire. The ])roposals of the (h)vernment were actually 
put into practice on a much larger scale than was originally 
intended.^ At the conclusion of the Armistice, in November, 
1918, the 2 )lant at Billinghani, close to Stockton-on-Tees in 
Yorkshire, was quite unfinished ; this jdant. cov(Ted an area of 
109-78 hectares.-'* In 1920 thcio works were sold to Brunru-r Mond 
& Co., Ltd. A Government nitrogen works, such ifs is dc-mandefl 
in various quarters, docs not exist in England at present, and the 
reports and speeches of British Ministers, many of which were very 
optimistic,^ have not so far been borne out in practice. 

The Report, comprising 162 pages, of the^CV^mmission for the 
Study of the German Chemical Industry, which was given in The 
Times of February 9th, 1920, deals, among other matters, with 
details of the development of the nitrogen industry during the War. 

The remaining munition dumps in k^rance wero sold by the 

• 

' ZeAtach. f. anqew. Ch4tm.^ ii., ilOI. 

“ Chtm. Zlg., 11120, ]). 184. 

* Zeitsch. f. angew. Cfiftm., 1919, ji., 588. 

* Ibid., 1917, ill., 131, 404 ; 1919, ii., 392 ; OAem. Ztg., 1919, p. 503. 
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British Gk^vernmcnt to an Anglo-French combine for a sum of 
f2, 000, 000. The ammonium nitrate in these explosives ^ is used for 
the manufacture of fertilisers and the metallic parts are melted down. 
As is well known, explosives are also converted into fertilisers in 
Germany. Tn Germany operations are controlled by the Commission 
for Ammonia-cal Fertilisers. 

English interests in the Chilean nitrate industry are very 
extensive (see Chapter II.); not only are the head offices of many 
of the nitrate companies situated in London, but English merchants 
occupy a prominent position in the nitrate trade, due to the 
energy of Colonel North, who migrated from Yorkshire to Chile in 
1871, and was known as the “Nitrate King.” For a long period 
supplies of nitrate suffered very seriously through the effects of the 
German naval operations until these were successfully countered. 
An agreement with regard to nitrate supplies \^as concluded between 
the (Chilean Government and the Nitrate Commission of the Allied 
Powers, and was signed in London on October 3rd, 1918, according 
to which 680,000 tons were to be delivered by the end of 1918, of 
which 320,000 tons in September and 120,000 in each of the three 
following months, at a price of ]36‘. to 13^’. (id. per cwt. Of these 
quantities the greater ])art of that j)ortioii destined for Europe 
arrived safely in port. A re 2 )ort of the British Ministry of Munitions 
on the production costs of nitric acid from (Uiile nitrate is l)ased on a 
])ricc for refined nitrate of £24 per ton and of £7 per ton for sulphuric 
acid. 2 The cheapest production costs were those of the large 
Gretna Works, wdiich produced nitric acid at about £48 per ton ; 
the highest were those at Queen’s Ferry of £56 2s, per ton, and at 
Litherland of £55 per ton. The nitrogen yield was 95*8 per cent. 
Fairly large experiments were made in the works in the West 
Biding of Yorkshire and elsewhere, in 1915 -16, in order to dispose 
of the sodium bisulphatc (nitre cakej*. The nitre cake was used in 
pierce of sulphuric acid for the recovery of fat from wool- washing 
effluents, for 2 >urifying fa,ts, for stripping and dyeing shoddy, and 
also in the tanning industry h)r salting the hides. 

We have already referred to the fact that the English sul^ihuric 
acid industry developed considerably under the stimulus of the War. 
In 1913 about 7,000 tons of sulphuric acid were imported and 8,500 
tons exported. The domestic production was mainly used for the 
manufacture of ammonium sulphate and of sujierphosphate, the 
production of the former in 1913 being 438,932 tons and of the 
latter 820,000 tons ; also for the manufacture of chemicals, for 

* Metnllbarse^ 1920, ]>. 1.31 S. 

* (Jhein. Ztg., 1919, p. 340. 
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refining oils, and finally in smaller amounts for the man^ifacture of 
explosives. With the outbreak of War these conditions Avere altered ; 
the explosive industry utilised by far the great portion and the 
remaining industries had to be satisfied with smaller amounts. 
Consequently the existing iilants were first largtdy extended, and 
new plants were tlien built to supply the Covernrnynt explosive 
works. The present output capacity in England is far largei^tlian the 
peace-time demand. It is hoped that this over-production may be 
utilised by increasing the production of ammonium sulphate. It is, 
however, hardly likely that this can be increased to a suflicient 
extent to absorb the whole of the sulphuric acid. The ex})ort of 
ammonium sulphate, whicli was formerly mainly supplied to Japan, 
Spain, Java and the United States, is now mon^ diflicult on account 
of the largely increased world 2 )roduction. Meanwhile the demand 
for sulphuric acid forihe luoduction of nitric acid fronj Chile nitrate 
is declining with the increasing employment of synthetics methods. 
The position of the future of the J^ritish sulphuric acid industry is 
by no means favourable. The contact f)rocess has been but little 
used in tlu' new installations. The British Ministry of Munitions 
gives an interesting account of the ])roductioJi costs of fuming 
sulphuric acid, as a })asis for which th(‘ sulphur contents of pyrites 
and of raw and crude sulphur are }>riced at £13 pci ton. The process 
of the Verein Chem. Fabriken of Mannheim was used in tlie plants 
at Queen’s Ferry, (Jndna and Oldbury. The yield from the Orillo 
plants was on the average 94 per cen/., that of tlu' Mannheim plants 
was rather better, whilst tJie Tentelew ])lant only achi(‘ved a yield 
of 8(3*2 j)er cent. Th(' total production costs per toji of fuming acid 
were ^ : — 

In the four Grillo plants . . £7 15-v. to £8 7.s*. 

In the three Mannheim plants . £10 lOv., £11 12.s*., an(r£17. 

In the Tentek^w plant . £10 10-s. 

The cascade concentrating* plants worked at an average cosj. of 
£2 17.S'. per ton. The loss of sulphuric acid Avas given as 0*098 per 
cent. The cost of concentration in the Gaillard j)lants varies greatly. 
The Mannheim plants at Queen’s Ferry, Gretna and ()ldf)ury and the 
Grillo plant at East Greenwich were close/l at the end of 1918. 

The production of ammonium sul])hate in England was as 
follows : — • 

1()00 • • • 213,000 tons. 

1910 ; ’ 3(39,1)00 ,. 

1913 (exports : 323,000 tons) . . 438,932 ,, 

A C/mjw. Ztg., 1919, p. 340. 
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191^ (exports : 
1915 (exports : 
1919 

1917 (exports : 

1918 (exports : 

1919 (exports : 


313,431 tons) 
294,308 tons) 

62,960 tons) 
19,044 tons) 
94,473 tons) 


. 427,756 tons 

. 426,267 „ 

. 433,703 „ 

. 458,617 „ 

. 262,140 „ 

. 380,000 „ 


As alreaclvy mentioned, pre-war exports mainly went to Spain 
and Portugal (55,910 tons in 1913), to Ja])an (114,684 tons in 
1913), to the United States (37,064 tons in 1913), and to Java 
(38,046 tons in 1913). In 1918-19 Franee absorbed a considerable 
proportion, whereas in 1912 (xermany im])orted 7,665 tons, ajid in 
1913 8,964 tons only. 


British Exports of Ammonium Sulphate (in tons). 


To 

1918. 

1919. 

France . 

. 7,693 

17,593 

Spain < . 

0 .. 

5,591 

Italy 

3,351 

2,767 

Netherland East Indies 

0 

12,854 

Japan 

0 

39.668 

Other countries 

. 8,000 

16,000 

British exports to Germany 

were 1,843 tons in 

1912 and 9,388 


tons in 1913. British exports have increased further since 1920. 
Jn January and February, 1920, 20,147 Ions were exporttnl, as com- 
pared with 5,867 tons in 1919. The figures for June are as follows : — 



June, 

; 1919. 

J uiie, 
1920. 

Lst Jan. to lj»t Jan. to 

Importinf; ('ouiitries. ^ 

Ist Dee., 
1919. 

let Dee., 
1920. 

France ..... 

360 

0 

_ 



Spain and the Canary Islands . 

568 

550 



— 

Ital^ ..... 

825 

0 

— 

— 

Java ..... 

1,200 

0 

— 

— 

Japan . . . 

* 0 

1,875 


— 

West Indies .... 

:w2 i 

1,785 

— 



Other countries 

1,440 j 

986 1 

1 

— 

— 

Totals 

4,005 j 

5.196 

j 

79,972 

99,613 


Jaj)aii, Java and Spain are the most important importing coun- 
tries, whilst the United States have dccr(*ased their imports, having 
enormcmsly develo])ed Vheir own industry. As the nitrogen famine 
in other (jountries ceases and political relations become more stable, 
the increased production of synthetic products will become more 
and more im])ortant. Nitrogen fixation plants Ure now at work in 
Spain, Italy , (lerman-Austria, Switzerland, Holland, Czecho -Slovakia, 
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Yugoslavia and Hungary, although in some of these countries they 
are only working on a small scale. The problem of increased domestic 
consumption, requiring new markets, will be ont‘ of increasing diffi- 
culty to those European countries, such as the Scandinavian coun- 
tries, France, Cermany and England, which will d(‘pend in the 
future on a large export of nitrogen products. ^ 

As long as there is a nitrogen shortage on the oiu' fiand and 
hindrances to jmxl notion on the other, the above-mentioned tendency 
will not be a])})arent, but when normal circumstances are restored, 
it will become a burning economic ])roblem. The Jiritish Sulj)hate 
of Ammonia Federation, Ltd., of London, was founded in 1920 fpr 
the sale, import, export and storage of ammonium sulphate, to 
incrcuise the demand for the product, to study bettt^r methods of pro- 
duction, and so forth. ^ In July, 1920, however, seriously diminished 
demands were rej)ortt?d, })articularly from Japan, in which country 
the storage caj>acity is over-taxed and supplies are also being 
obtained from the Ibiited States.*^ 

The English consumj)tion of ammonium sul])hate in 1913 was 

105.000 tons, of which 00, 000 tons were used for agricultural pur- 
poses. Jn 1914 15 the home consumj)tion was 128,000 tons. In 
1914-15 about 120,000 tons were jmxluced in Scotland, and about 

3.000 tons in Ireland. 

The j)r()duction in gas works was approximalely constant from 
191 I to 1910, and amounted to 170,000 to 180,000 bms of ammonium 
sul])liate annually. Blast furnaces supply 15,000 to 20,000 tons, and 
the distillation of oil shale about (50, 000 tons ; the [U’oduction from 
gas producers and so forth also remained a])proximat(4y constant, 
at about 30,000 tons. On the other hand, the pnxluction from (;oke 
ovens rose by about 50,000 tons between 1911 and 191(5. It was 

30.000 tons in 1905 and 1(5(5,354 tons in 1917. In 1 9 1 9 (532 wks 
produced ammonium sulphate^ Details are given in tons in the 
following table : — 



i 11M4 (ap- , 

1 01 a 

loir. 

1017 

1 01 H 

1010 

Ghs works . 

. ' 176,(K)() 

173,675 

172,269 

188,478 

17.3, .541 

17.3,501 

Blast furnaces 

16,000 

15, U2 

1.5,154 

1,^,621 

12,717 

10,877 

Oil shale distillation 

63,000 

58,826 


60,560 

58,311 

48,618 

Coke ovens 



14.5,106 1 

159,506 

. 166,354 

164,448 

144,367 

(las producers, etc. 

. { 171,000 

3,3,218 ; 

28,786 

29,604 

' • 

; 23, .534 

20,150 


! 426,000 , 

; (approxi- . 
mate). 

426,267 : 

433,703 

' 458,617 ' 

1 432,551 

397,513 


1 Zf'ituch. f. antjt’u\ ('hem., 1920, li., 2015. 
- (Uiem. Ztg., U)2l, p. 631. 
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In lOlfii there were 722 works in England producing ammonium 
sulphate, ammonium chloride, or liquid ammonia ; in 1917 there 
were 742. In the latter year 27 works produced liquid ammonia, 
and 7 ceased to produce ammonium sulphate. The stocks of 
ammonium sulphate were 25,000 tons at the end of 1914 and 
26,000 tons the end of 1915. 

38,220,000 tons of coal were coked in 1918 ; the production of 
coke in 1917 and 1918 was distributed as follows, in millions of 
tons : — 



1917. 

1918. 

(las works 

8-440 

7-945 

Coke ovens . 

13-555 

13121 


21-995 

21-066 

In 1918 there were 1,415 producing gas woi^ks. 

Many of the coke 

ovens were of an o])solete type, and many of these 

were not adapted 

for the production of by-j)roducb 

In 1911 there 

were in England 

143,000 beehive ovens producing 

5,600,000 tons of coke, and only 

0,524 by-product ovens producing 8-2 million tons 

, or 60 per cent. 

of the total. The annual loss < 

)f by-products thus incurred was 

estimated at 70,000 tons of ammonium sulpliate, 

250,006 tons of 

tar, and 54,000 to 68,000 on. in. 

of benzoic. In 

1915 there were 

211 coke ovens, of wliieh 116 wwe by-product ovens. There were 

16,574 working cf)ke ovens of tht 

most various construction. The 

figures for the various types w^-re 

: — 



19M. 

nufi. 

Beehive ovens 

9,210 

7,521 

Coppee ovens 

1,538 

1,343 

Simon Carves ovens 

1,354 

1,766 

Otto-Hilgenstock ovens 

1,589 

2,034 

Senuit-Solvay ovens 

1,134 

1,251 

Koppers ovens 

‘ 866 

1,241 

Simplex ovens 

^428 

486 

Hiissener ovens , . 

384 

404 

Bauer ovens . 

43 

40 

Collins ovens 

95 

171 

Maekey-Seymour ovens 

32 

32 

Other types* of ovens 

302 

285 

Total by-product ovens 
,, beehive ovens 

7,765) 

0,053) 

7:521 [ Jfi>574 


By the end of 1914 there were 7,813 by-product ovens at work 
which treated 15,000,000 tons of coal ann ually, ' that is, 1,900 tons 
per oven per year ; at the end of 1918 there were 9,827 working 
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by-product ovens treating 21,000,000 tons of coal per yefe<r, or 2,031 
tons per oven per annum. In 1918 there were 201 coke oven plants, 
of which ] 16 were by-product plants as compared with 123 in 1917. 
The by-product plants treated 21,000,000 tons of coal, and the 
others only 2*6 million tons of coal, whilst the gas works treated 
14*6 million tons, so that practically the whole of the coal which 
was coked was treated under conditions enabling the })y -prod nets 
to be reebvered. Com])ared with the astonishing development of 
the American industry during the War the English coking industry 
was relatively very unprogressive. England was short-sighted enough 
to support this competition. Ruch high prices were paid in England 
for the American coke oven by-products that t he American industry 
was in a position to write off the new installations within one to two 
years, and to continue work with the most modern and profitable 
2)lants. • * 

As the production of coke will probably considerably exceed the 
demand when normal conditions are restored, the coke producers of 
Yorkshire, Derbyshire, Staffordshire, Wales and Lancashire decided 
to establish a joint sales organisation. This Blast-Furnace Coke 
Sales Association (1910) also controlled otlier manufacturing con- 
ditions. The development of the by-product coking industry has 
been especially marked in the Cumberland coalfield. At the com- 
mencement of March, 1919, there were 380 by-product ovens in that 
district, i)roducing annually 650,000 tons of coke, 12,000 tons of 
ammonium sulidiate, 40,000 tons of tar, and 3,000,000 cu. m. of 
crude benzole. In Halifax there were produced on the average, 
between 1907 and 1917, 11-6 kg. of ammonium sulj>hate j)er ton of 
coal, and 13*8 kg. in 1918. 

English investigations on the low temperature carbon isath^n of 
coal can (uily be considered here very shortly. This (juestion was 
investigated by a Oovernmen# Commission whicli em])hasised the 
economic importance of the ifrf)blem. According to a paper i;j[‘ad 
by Edgar i). Evans at the Annual Meeting of the Society of (3iemical 
Industry in 1918, the investigations and pateiits of Becker and Serle 
in 1681 (the first English patpiit law dates from the reign of James 1. 
in 1623), of Scott Mbncrieff (1890), Parker (British Patents 67/1890 ; 
14,365/1906), Wheeler, Lomax, Stopes, llickling, Renault, Bertrand, 
White, Jeffreys and Thiessen, are important as the foundations on 
which the later developments were based. The solution of the 
problem is being attempted in England by three systt'ms, which are 
distinguished by the type of oven which they utilise : — 

(1) Discontinuous cliargifig of externally heated retorts. 

(2) Discontinuous charging of internally heated retorts. 
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(3) Continuous charging by passing the coal automatically for- 
ward through the retort, with either internal or external heating, or 
both. 

The retorts of the “ Coalite system (type 1) were a failure, as 
the constitution of coal was as yet insufficiently understood. Satis- 
factory re-sulti*^ were only obtained when the coal was treated in thin 
layers. In tlie Tozer retort of the Tarless Fuel Company, the layer 
of coal is never thicker than 10 to 12i cm. The charges are larger, 
the working costs are smaller, and the yields are better. The process 
of the Tarless Fuel (V)nipany has, however, not yet been able to 
demonstrate' its advantages on the large scale. The Barnsley Smoke- 
less Fuel Com])anv works with vertical retorts of fireclay. The 
Simpson process works under a vacuum (50 to 65 cm. of mercury), 
which has many chemical advantages, but many technical dis- 
advantages.^ t 

In the experiments of the Coalite (Vmipany, Ltd., 3 J tons of ammo- 
nium sulphate were obtained from 200 tons of coal. In 1919 the 
Coalite Company was absorbed by Low Temperature CWbonisation, 
Ltd., with a capital of .£1,200,000, which elaimexl to produce, by a low 
tem})erature carbonisation process, the following quantities of by- 
products per ton of (;oal : (1 ) 72 to 77 litres of lighting and lubricating 
oil ; (2) 13 to 18 litres of motor fuel of better quality than petrol ; 

(3) about 200 eu. m. of illuminating gas of calorific value 6,230 cals. ; 

(4) 9 kg. of ajumonium sulphate and 0-71 terns of smokeless fuel, 
which is superior to raw coahfor domestic^ heating and for firing 
boilers, in the Tozer retort of the Tarless Fuel (\)mpany, 1 ton of 
coal is heatc'd from 380^^ C. to 540'^ C., yielding th(^ following pro- 
ducts ; (1) 113 to 169 cu. m. of illuminating gas of 5,785 cals. ; 
(2) (j-8 to 10-0 kg. of ammonium sulphate ; (3) 80 to 100 litres of tar 
oil ; and (4) 0-7 to 0*75 tons of coke residue, which is neither readily 
friable nor liable to crumble, and wh'ch contains 9 to 12 per cent, of 
volatile ingredients. The so-called Carbocoal j)roccss ^ yields per 
ton of coal (containing 3(1 per cent, of volatile matter) at 427^ and 
982'' ajiart from gas : (1) 0*75 tons of coke briquettes, so-called 

carboeoal ” ; (2) 11*4 litres of motor spirit ; (3) 4*5 litres of light 
naphtha ; (4) 9 litres, of heavy naphtha ; (5) 19-31 litres of tar acids ; 
(6) 28*4 litres of burning oil (in all 72-6 litres of oil and similar pro- 
ducts) ; and (7) 15-6 kg. of ammonium sulphate. The steam-raising 
trials carried out by the Penn.s^dvania Railroad Company with 
carboeoal sho^/ that this produced 11-1 times its weight of steam 
with a thermal efficiency of 86-2 per cent., whilst with crude coal 

^ Se‘e UertelanmiJii iji Ullniann’s “ Kncyclopaydia," veil, vii., pp. 234 et stq. 

- Ztg., 1919, pp. 7, 3(3 ; 1929, p. 25. 
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only 10-87 times its weight of steam Wcas obtained with a thermcil 
efficiency of 81-1 per cent. ; 80-7 kg. of carbocoal were burnt per 
hour without smoke production per 1,000 sq. cm. of grate area. The 
Midland Coal Products Company, Ltd. (£100,000 capital), is a research 
organisation on a practical basis, which investigates kw-tempera- 
ture carbonisation questions in large experimental plants. In 1913 
there was founded the Carboyl Syndicate, Ltd., with^ a capital of 
£500,000, .which has envolvcd a process by which the production of 
coke and briquettes is entirely dis 2 )ensed with, and })y which waste 
coal is converted entirely into oils and ammonium suljdiate. The 
Report of the (bm mission formed by the Ministry of Munitions 
estimates that a yield of 1,006,000 to 1,250,000 tons of oil may be 
obtained on the average from each 20,000,000 tons of coal which is 
coked. In March, 1918, J. T. Dunn lecture^d before the (V)ke-()ven 
Managers Association ^on the various coking [)rocesses.^ 

The study of these questions is also undertaken by the exj)eri> 
mental station at East Greenwich, which was erected adjoining the 
works of the Houth MetnJiJolitan Gas Conqiany. In English gasworks, 
the scarcity of coal during the War, its poorer quality, and the removal 
of the benzole, resulted in a considerable reduction of the tJiermal 
value of the gas, from 500 B.T.U. (4,984 cals.) to 500 or even 420 
B.T.U. (3,905 cals.). The coal-gas was usually ...ixed with blue 
water gas (iq^ to 33 i)er cent.), and in some cases with fliu^ gases 
((Xlg + Ng) (U 2 > to 30 to 40 2 )er cent.), and possibly in tlu* future a 
calorific value of 4,450 cals, will be considered suitable as an average. ^ 
The very modern gas works at Birmingham utilises 7-ton retorts, 
and com])rises a cyanide jilant using Williams' process, which treats 
283,000 cu. m. of gas daily. The yield of aTumoniuni sulphocyanide 
is 90 per cent. By injecting steam into the retorts, the yields of 
ammonia and tar can be increased. Attenijjts to f)btain ethvlene 
directly from lighting gas by (bre(^t condensation, are becoming of 
increasing importance in England. Yields of 98 to iV9 j)er cent, are 
claimed, and it has been calculated that the amount of cthylluie 
o})tainable in England by these means would suffices for the pro- 
duction of about 080,000 cu. m. of 90 per cent, alcohol per annum, 
of which 1 gallon (4-54 litres) has a value of I s. M. When mixed 
with equal parts of benzole this alcohol furnishes an excellent fuel. 
As in England, with its lack of suitable water-powers, the i^ro- 
duction of alcohol from calcium carbide does not seem particularly 
promising, the above-mentioned method may becoyie important. 
Lighting gas contains 4 to 5 j)er cent, of ethylene,^ coke-oven gas 

1 rhem.*Zt(/., 19J8, p. 431. 

2 ,/ottrn.f. (Jasbel., i 3J8, p. 210. 

9 Q, Oohn »n Ullinaan’s “ Epcyclopapdia,” vol. li,, p. 9, 
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contains appreciably more, American natural gas 15 to 16 per cent., 
and in some localities 19-5 to 22-5 per cent. P. Fritzsche obtains 
t^thylene from washed gases by treatment with concentrated sul- 
phuric acid (Grcrman patent 89,598). ^ Ellrodt ^ writes on the further 
treatment of the ethyl sul 2 )huric acid by heating with water, with 
regeneration of the sulphuric acid according to the following 
equations : — 

+ H^SO, - C.Hg . O . SO3H 
C2H5 . O . SO3H 4 H2O -- (4H3 . OH 4- H2SO4. 

He jjoints out that these 2 )rocesst's were already discovered by 
Faraday’s co-worker, Henncl, in the years 1825-28; Hennel 
obtained “ vinyl-sulphuric acid ” from lighting gas and oil gas. 
M. Berthelot ^ studied the reaction more closely in 1855, and it was 
then investigated by (/. Fritzsche ^ from the technical standpoint. 
Accordijig to Fritzsche's investigations, 100 kg. of hot sulphuric acid 
a])vSorb 14 kg. of ethylene, from which 18 kg. of 100 per cent, alcohol 
can be ot)tained. At that time the jiractical a])i)lication of the 
process was impossibles owing to the considerable loss of sulphuric 
acid, namely, 450 kg. per hectolitre of alcohol. A more favourable 
result might be obtained by the improvement or alteration of the 
i]K*thod of working, es 2 )ecially as tlu^ jwocess must arouse the interest 
of all countries with large coal resources, such as England, Germany 
and America. 

During the War Professor C^obb d(‘vis(‘d a process in England in 
order to utilise the sul 2 )hur in coal for the 2 )roduction of ammonium 
suljdiate.^' The gas is treated with zinc sul 2 )hate solution in a centri- 
fugal washer. The zinc sul})hide 2 )reeipitat(' is filtiTed and the am- 
monium sulphates solution which is so obtained is evaporated (cost of 
evap oration ?). Tlie sul])hide is roasted. The roaster gases are recon- 
verted into ziiK; sulphate by a suspension of zinc oxide in water. 
Ae(*.om])anying tar jjroducts do not interfere with the roasting, as they 
an burnt ; the residues of zinc oxide are utilised for the further pro- 
duction of zinc sulphate.. * The process has proved quite successful 
in the lal)oratory and in small installations. Since the end of 1919 
a larger 2 )lant has been in daily operation for the j)roduction of 1 ton 
of ammonium sui])hate per day. 

When discussing the cyanamide industry in Norway and Sweden, 
we considered in detail the works at Odda and Alby which were 

^ ('hem,. Ind., 1012, p. 037. 

2 IJIlmaiin’s “ Encycloptedia," vol. i. (1914), ]). 037. 

7'efid.y 40 , 102 ; Ann. de (Jhim.. (3), 43 , 385. 

Loc.rit. and (Umn. hid,^ 1897, p. 200. 

Chem. Zt(j., 1919, p. 800. 
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absorbed by the Nitrogen Products and Carbide Gompa^ny, Ltd., of 
London, and its affiliated companies. The Nitrogen Fertilisers Co., 
Ltd., which was formed in 191 2, with a capital of £200,000, acquired a 
licence from the North-Western Cyanamide Co., Ltd., of Odda.^ 
The Nitrogen Products Company was founded in May, 1913.2 It 
took over in 1913 the works at Vilvorde in Belgium, erected by 
Duche, in which attempts were first made to oxidise ainmmiia from 
Norwegit^n cyanamide with production of ammonium nitrate by 
Ostwald’s catalytic process. The rights to work the Ostwald process, 
which had belonged to Nitrate Products, Lttl., and were valued at 
£369,500, were also transferred to the Nitrogen Products Company in 
1 913. The works at Odda were closed at the outbreak of War, but in 
December, 1914, manufacture was resumed to the extent of 40 per 
cent, of the capacity of the works. The granulating department 
produced “ granular pitro-limc,'’ that is, granulated cyanamide for 
agricultural puri)Oses. In 1915 it was consideraldy extended. The 
works at Vilvorde to the north-east of Brussels were soon affected by 
the War in 1914, and cons(‘quently stopped ])roduction. Experience 
had already shown, however, how difficult it is satisfactorily to 
oxidise ammonia from cyanamide to nitric acid. In consequence of 
these difficulties the scheme of erecting two nitric acid works on the 
Thames and in ManchesteT, for the pur 2 )ose of producing nitric acid 
from Nfirwegian cyanamide, for the English exjilosive industry, was 
abandoned. It was, on the other hand, decided to manufacture 
ammonium p(‘rchlorate for military j)ur])oses. Later, however, the 
original scheme was once more taken in hand. 

In 1 916 the Ihdtish Ministry of Munitions concluded an agreement 
with the Nitrogen Ih’oducts Comjiany for the delivery of ammonium 
nitrate and nitric acid. It is understood that 8,000 tons per annum 
of the former jiroduct were to be supplied. A loan of £50,000 at 
5 per cent; interest was agreed Jo for the a(;quisition of the ncc^essary 
])lant, and this was to lie rejiaid by deductions from the ])rice of the 
materials wliich wen' deliven'd. "^rhe new ])lant was erected* at 
Dagenham, where the Nitrogen Products Conijiany had l)cen working 
since 1913; 2 >r^^duetion was started in 1916-17. In spite of good 
reports at the commencement, e.\ce 2 )tional difficulties were met with. 
The original Ostwald jirocess was first aftered' by the (3iairman of 
the Nitrogen Products (kmipany, A. E. Barton, but even so, all the 
expectations were not satisfied. Difficulties* in the su^^ply of Nor- 
wegian cyanamide led of necessity to its replacement by ammonia 
from gas works, which was too exjiensivc. In 1917 the working losses 


1 Chenl Ind., 1912, ]>. 294. 

2 Chem, Zig.y 1913, p. 703. 
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had already,, amounted to £75,000. In spite of this expenditure, no 
serious quantities of any product had been manufactured, so that 
finally, in 1918, the Ministry of Munitions refused to supply any 
further })ublic moiu^y. Meanwhile the Nitrogen Products Company 
had granted licences in France, Italy and the United States, or had 
entered into negotiations for grrinting the same. The French works 
at Angouieme started manufacture before the Dagenham works (see 
Chapter Vlll.) ; it is said to work satisfactorily. An Italian plant 
was said to be under construction in 1917, but no further details have 
become available^ 

Attempts to combine the Nitrogen Products and Carbide Com- 
pany and the Alby United Carbide Factories were started in 1918 ; 
these companies carried on practically the same business, and were 
united by numerous financial interests. The conditions demanded 
by the Norwegian Government rendered the amalgamation difficult, 
and it was only effected on November lltii, 1919, by decision of a 
general meeting in London. This finally removed the difficulties, 
which were due to the fact that the Alby United Carbide Factories 
were under agreement to supply a large proportion of their carbide 
production to tlu^ cyanamide works of Nitrogen Fertilis(‘rs, Ltd., at 
Odda in Norway, this latter being in turn an affiliated company of 
the Nitrogen Products ■(^om})any. The Nitrogen Products and Car- 
bide (Company, which was founded in May, 1913, was thus absorbed 
by the Alby (Vunpany, and end(Mi its career as a separate firm. In 
1918 49 the V^ilvorde plant , was valued by the Company at 
£138,100, and the Odda Works at much under their actual value. 
The eompensatioii claim of Nitrogen Fertilisers, Ltd., for th(‘ destruc- 
tion at \41vorde and elsewhere, was n'cognised by the German 
Government, which paid £270,000. llevenues from the granting of 
licenVa's appeared in the balance sheet for lt)18 19 in reference to 
the French works at Angouieme only^ from which it may be gathered 
that th(^ pro])osed sale of li(*ences in Italy and the United States had 
not been realised. In the n^port tin* losses at Dagenham are said 
to be due to the fact that the ])lant was obliged to use the more 
expensive' ammoniacal liqiK)rfrom gas works. This caused endless 
difficulties in the works, which were not adapted for the use 
of this product, and the final product was dearer than was justified 
by the Government contrae^t, which was based on cost of manu- 
facture from cyanamide. it was also stated that the Government 
created many diffi^'^lties regarding the supjJies of ammoniacal liquor, 
the production of tvhich was controlled by them during the War. 
During the last few years the Nitrogen, Products and Carbide Com- 
pany have paid 6 and 9 per cent, dividends. The Alby Factories paid. 
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and 6 per cent, dividends in 1918. The North-Western Cyanamide 
Company at Odda also paid a 15 per cent, dividend.*^ Nitrogen 
Fertilisers, Ltd., disposed of their interests in the Alby Works at a 
good profit, but retained the principal interest in the Odda Works. 
The A.S. Meraker now produces ferro-alloys only. Electrodes are 
manufactured in a new works at Hebburn-on-Tyne. A number of 
valuable patents, for example, for compressed acetylefle, have been 
transferred to affiliated companies. Since 11)14 the Alby Company 
has suffered from works difficulties and from the effects of an un- 
favourable long-period contract for the delivery of carbide. It was, 
therefore, only able to pay a 5 per cent, dividend in the first three 
War years, and no dividend af all in 1917. 

The fusion of the two. main companies, the Nitrogen Products and 
Carbide Company and Alby United Carbide Factories, Ltd., the 
assets of which have just been described, was carried out by the issue 
by the Alby Company (which had a capital of .£S2,9l6*in preference 
shares and £943,084 in ordinary shares), of £1,907,91 9 in new ordinary 
shares, of which £l ,499,995 were utilised for the purchase of the shares 
of the Nitrogen Products Company. As the Alby Com 2 )aiiy already 
held £500,035 in shares of the latter comjmny, its whole capital 
passed into their hands for the sum of £2,000,000. The Nitrogen 
Products Cbm[)any was liqiiidated. 

The united comjjanies now control 700,000 h.p. from water- 
jiowers, namely, 95,000 at Odda, 250,000 at Aura (both in Norway), 
and at least 400,000 li.j)., still unutilised, at Dettifoss, in l(;eland. 
The Alby Works, together with the power station Alby-Vattenfalls, 
was acquired towards the end of the War by the purely Swedish 
Stockholms Sujierfosfatfabriks A.B., for a pa^aneiit of 2*5 million kr. 
in Alby shares. 

The English coinjjany expect exctq)tional results from an incr,;^ase 
in the use .of nitrogcuious fertilisers, and believe that cyanamide in 
the form of the jiroduct of thefr Odtla factory, namely, granular 
nitro-lime,’’ will have an e.jfceptional future, as, oji the one 
hand, English farmers have now realised the value of artificial 
fertilisers, and, on the other liaiid, the lime in calcium cyanamide 
should be advantageous, as when introduced into the soil it will 
compensate for the lime which is removed, for ejiample, by the use of 
ammonium sul 2 )liate. It should be noted that German ojnnions on 
granulated cyanamide have hitherto been unfjivourable. According 
to Harrison, 1 calcium cyanamide and ammonium salts are the only 
fertilisers which are suitable for the cultivation of rice and cane 
sugar. In India alone the average area under rice is 312,000 sq. km., 
^ Zeitsch. f. angew. C/ieni,^ 1918, lii., 333. 
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and that under sugar about 10,100 sq. kni., so that large prospective 
markets are available which have not so far been supplied. In Java 
and Hawaii respc^ctively, 4 tons and 9 tons of sugar are produced 
per acre with the help of artificial fertilisers, whereas in India, where 
agriculture is in a more backward condition, only about I ton is 
obtained from the same area. The united English companies pro- 
])ose to (^irry out at their Norwegian works all those industries which 
require little or no coal. It is stated tJiat recent investigations will 
have the effect of decreasing considerably the manufacturing costs 
of carbide and cyananiide. It is hoped that plios])hatic and nitro 
genous fertilisers w\\\ also be obtained electrically. Experiments are 
being carried out on the most suitable method of manufacturing 
cyanides. 

The attempts of tlu? Nitrogen Products Company to transfer the 
cyanami(l(' industry to England are of still greater interest than the 
above-mentioned y^rogramme. According to R. Darling ^ there 
are required for the yirodiiction of 1 ton of carbide 4,000 k.w^h., 
which cost about 25-506*. in Norway (1 k.w.li. --- 0-04 pfg.)^ <^^^^1 
1I8-32.S. in 1918 in Englarul, from coal (1 k.w.h. - - 2-9(> |)fg.). It 
W'ould therefore Ix' difficult to carry out the manufacture of carbide 
in England in comyx^tition wdtb tlu^ foreign yu'odxict. C^iarles Bing- 
ham ^ suggests the use of blast fnrmu*e or coke ovem gas for the 
manufacture of carbide. The folk)wang renia-rks on these y)roposals 
were made by the ( 'hairman of the Nitrogen FVoducts (Company at 
the (General Mecding on May 8th, 1918.^ In order to render 
England ind(qxmdent of su|)])lies of these nitrogenous comy)ounds, 
which ar(' imyxu'tant both in yxiace and in war, the introdu(;tion of 
amj)le and cheap ek'ctric ])ow(T is absolutidy necessary. During 
the last two yt‘ars the comy)any has undertaken exjK'rimcnts in this 
dire'ftion involving the carbonisation of 1,000 tons of coal. These 
have led to the conclusion that these industries can onl}^ be estab- 
lished in England if the various j)rocesscs are so c.o-ordinated that 
the by-products of the one may serve as a raw" material for the other. 
It is also (sssential that the ])ower and these manufactures should be 
ill the same hands and under one direction. Clieay) electrical energy 
can only be ol)tained })y tlie accyuisition of a large coal mine', tlie coal 
of which must be carbonised on a sufficiently large scale at a high 
te'inperature', so that all the by-yiroducts ai*e recovered and the 
ricli gases used for raising steam to drive steam turbines for the 
production of I'lcctric power. The jjroduction of by-yiroducts — 

^ Ztilsrh. f. amjew. ('hem., 191S, in., (>18. 

- Jjor. riL * 

® Zeitsch. angew. Chem., 1918, iii., 333 ; Financial News, May 9th, 1918. 
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benzene, toluene, naphtha, carbolic acid, cresole oils, (jreosote and 
anthracene oils — should cover at least half the domestic requirements. 

A portion of the toluene could be used for the production of explosives. 
For this project 120,000 h.p. would be necessary, which would be 
utilised to produce carbide, cyanamide and ferro-alloys, and also to 
treat zinc concentrates. It is maintained that the successful working 
of such a project would make England completely independent of 
the imxxirtation of Chile nitrate, as all the nitric acid, ammonia and 
so forth, for military and industrial jmrxjoses would be obtained 
•from the cheaper domestic cyanamide production. The farmer 
would obtain a nitrogenous fertiliser which would be as effective as 
nitrate and also chcaj)er. The realisation of this idea requires large 
means and is at x)rescnt (May, 1918) impossible. All tlie data are, 
however, being worked out for a plant of 120,000 h.j)., so that in peace 
time the eonstructior^of such a plant may be commenc^^'d if })ossible.” 
At the commencement of 1919 the Nitrogen Products Comj)any, 
Ltd., acquired the St. Helens Coal and Firebrick (>)mpany, Ltd., for 
a payment of £12 for each £5 of share ca^utal, and also large neigh- 
bouring lime quarries in Eskett and Kowah. Tlu^ St. Helens Colliery 
is at Workington, Cumberland, and has a battery of forty coke 
ovens. It is said that there is now being added te ^liese coke ovens 
a new cyanamide j)lant which corrcsi)onds in all resx)ects to the above- 
mentioned juoject ; ^ 3,000 tons of coal are to be treated daily, and 
all the by-products are to be recovered and utilised. Distillation is 
to be carried out at high temperaturcis, so tJiat tlie production of low- 
temperature tar is not considereil. Cas and coke are to be used 
under boilers and in gas engines for thc^ pruduedion of xx)wer, carbide 
and cyanamide. Tlie turbines are to develop 120,000 h.j). The 
capital which is to be employed, amounts to £5,500,000. Tiic con- 
struction of the works, which wall finally employ 4,000 men, is esti- 
mated to talce tw^o and a half ^ears^ so that it should be finisJied in 
1921-22 ; 120,000 h.p. slioulfl suffice for a j)rodUction of about 

180,000 tons of carbide per annum, so that the outj)ut will be very 
considerable. It is intended that the 2)lant should render Grreat 
Britain index)endent of the imj^ortation of foreign nitrogenous 
fertilisers. The practical result of this schoine (the Cumberland Coal, 
Power and (Chemical (V)mpany, Ltd., Workington), will be of all the 
more interest as it will enable interesting conclusions to be drawn 
with regard to similar x)ossibilities in GermTiny. The Cumberland 
Company has also acquired the rights to work the •CJaude process 
(see below). 

In 1918 the British Cellulose and Chemical Manufacturing Com- 
^ Chem, Ztg.t 1920, p. 152. 
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pany was building a plant for the manufacture of synthetic aldehyde, 
alcohol and acetic acid. 

The firm of Brunner Mond & Co., Ltd., established in 1881, has 
taken an active interest in the nitrogen industry ; in 1917 this 
company had £1,500,000 of preference share capital, and £2,900,000 
of ordinary share capital. The total nominal capital at that date 
was £5,000,000, and the average dividend during the last few years 
was 30 to 35 per cent. According to Wilh. A. Dyes ^ the Stock 
Exchange valued the undertaking in 1916-17 at £10,000,000. This 
important firm was the first in England to manufacture ammonium 
nitrate on a large sciale. When the British War Office realised in 
1915 that the demand for explosives could not be covered by tri- 
nitrotoluene and lyddite only, but that ammonium nitrate would 
have to be manufactured, it was not being produced in England 
at all. At first the Ministry of Munitions b(,'ught calcium nitrate 
from Norway, which Brunner Mond & Co., Ltd. converted 
into ammonium nitrate with ammonium sulphate according 
to the reactions already mentioned. The amount so obtained 
soon j)roved to be quite insufficient. Brunner Mond & Co., Ltd., 
then worked out another method on the lines of the ammonia 
soda process starting from (liile nitrate. After a couple of months 
these supplies were also insufficient, and attention was turned to the 
direct double decomposition of sodium nitrate and ammonium 
sulphate. This process was then carried out in the works of the 
firm and in a considerable portion of the plant of another firm, and 
hundreds of tons of ammonium nitrate were manufactured daily. 
Einally a succevssful synthetic process was produced which pre- 
sumably mainly used by-product ammonia, but possibly also a 
modified Haiw'r process on the smallest scale, and this was to 
supply ammonium nitrate and nitric acid by the oxidation of 
ammonia. On Ixdialf of the Governipent, Brunner Mond & C>o., Ltd., 
undertook the - construction of a ])ortion of the large Government 
woiks at Billingham-on-Tees, which was to be constructed for a 
prodiK^tion of 2,000 tons of ammonium nitrate weekly by this 
process. On information communicated hy the Ministry of Munitions 
in 1918, other works also started to use the ammonia oxidation 
process, juore particularly a number of gas works. It is expected 
that ammonium nitrate will be in considerable demand as a fertiliser 
under peace conditiomi, as it contains 35 per cent, of nitrogen. 
Brunner Mon(,l & Co., Ltd., also erected a trial unit for ammonia 
oxidation of the Aiiierican Jones-Parsons type, which was used later 
in the enormous American plant at Muscle Shoals, 

1 Chem, Ztg., 1917, p. 235. 
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The Committee of the Ministry of Munitions was always in favour 
of the erection of by-product and synthetic plants in order to reader 
England as far as possible independent of foreign supplies of fixed 
nitrogen. It was therefore decided to continue work on the plant 
at Billingham, which was still quite unfinished at the signing of the 
armistice, and these works were offered for sale to jjrivatc interests 
in 1919. Investigations had shown that the industrial production 
of synthetic ammonia would be rendered possible by alterations in 
^ the plant of a not very serious character. The Government works 
were offered for sale on condition that the ])urehaser undertook 
the obligation successfully tp develop the fixation of atm()si)lieric 
nitrogen, and to produce sufficient quantities of nitric acid for the 
production of explosives for the Army and Navy. The Government 
also reserved control over the works and a certain influence on the 
appointments to leading jiositions. ^ ^ 

On the basis of these conditions the sak^ was effected at the 
commencement of 1920. Brunner Mond & C^o., Ltd., took over the 
works, founding for the purpose Synthetic Ammonia and Nitrates, 
Ltd., with a capital of £5,000,000.^ TJie works are at first to be 
equipped for a daily production of 100 tons of HN..,, which is rapidly 
to be increased to 300 tons of NH 3 per dny, coi n s; eding to 150,000 
and 450,000 tons of ammonium sul])hate per annum respectively. 
Apart from ammonium sulphate the main product is to be ammonium 
chloride, which will be obtained by the ammonia soda j)rocess. It 
is hoped that agricultural interests #^^^ill view favourably the use of 
ammonium chloride as a fertiliser, as it w ill be sold to them at a 
very low price. Explosives Trades, Ltd., have undeitakeui to draw^ 
their supplies of ammonia from the new works and to erect plant for 
the oxidation of this ammonia to nitric acid. 

Brunner Mond & Co., Ltd., have undertaken detailed jns[)ections 
of the works at Oppau, of the •American Government works at Shef- 
field, Ala., of the General Chemical (bmpany’s workk at Laurel Hill, 
N.Y., and also of the exj)erimental plant wT)rking the Claude process 
at La Grande-Paroisse. The experimental works of J)r. E. B. 
Maxted, at Gas Developments, Ltd., already referred to, were acquired 
by purchase, together with all patents associated therewith. The 
company intends to utilise a modified Haber- Bosch process, which is 
stated to have been developed entirely without Gennan help. The 
British Government has granted a licence to*use the relevant pfitents 
of subjects of foreign {i.e. German) States, on terms -which are to be 
deducted from the reparations due according to the Peaces Treaty of 

• ^ 

^ Zeiisrh. f. angew. Chem., 1920, ii., 301. 

=* Ibtd., 1920, ii., 249. 
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Versailles. Synthetic Ammonia and Nitrates, Ltd., of Billingham, 
near Stockton-on-Tees, Durham, is taking over the whole staff of the 
nitrogen department of the firm of Brunner Mond & Co., Ltd., and 
is organising a large technical staff. 

At the British Scientific Products Exhibition in 1918 Brunner 
Mond & Co., Ltd., exhibited ammonium nitrate and other products.^ 
They conirolfed nine different works for the manufacture of am- 
monium nitrate, which produced in all 378,395 tons for the manu- 
facture of amatol. The English production of ammonium nitrate 
finally exceeded 5,000 tons per week ; by far the greater part of this 
was obtained from sodium nitrate by double decomposition with 
ammonium bicarbonate or by one or the other of the above-mentioned 
reactions. The main works were at Lostock, near Northwich. 
The large Victoria Works at Wincham, Cheshire, supplied calcium 
nitrate, from atmos2)lieric nitric acid, for conve|*sion into ammonium 
nitrate. The f^andbaeh Works of Brunner Mond & Co., Ltd., utilised 
the double deconiijosition of ammonium sulphate and sodium nitrate 
for the j)roduction of ammonium nitrate. Brunner Mond & Co., Ltd., 
have r('cently absorbed file Castner-Kellner- Alkali (\>mpany. Ltd., 
founded in 1895; this latter comy^any had in 1917 £750,000 share 
capital and £190,000 delxmture capital. 

Sodium nitrate is being refined by a new process in the works of 
the Salt Union at Western Point, 

The (Uaude ])rocess has been acu^uiretl by the Cumberland Coal, 
Power and Cliemical (V)m])any, Ltd., whi(di has already been referred 
to as having ])e(m formed ])y the Nitrogen Products Company. The 
ttoitory licensed by them includes Great Britain, South Africa, 
India, Australia and New Zealand. The plant at Workington in 
Ckimbcrland will at first produce about 12,000 tons of NH3 annually 
by tl?3 Claude j)rocess, which will })artly be converted into ammonium 
chl()ride by the ammonium soda process and partl}^ into sul2)hate. 

Cyanides are manufactured by the (tassel Cyanide Com})any, of 
Glasgow, and the Jiritish Cyanides ( V)jn2)any, of London. The former 
com|)any doubled their capital during the War, and proposed in 
1920 gradually to iruTease it from £175,000 to £000,000 ; for this 
purpose new shares to the value of £175,000 are immediately to be 
issued. In twenty years (ending 1910), 800 per cent, had been paid in 
the form of dividends — e.g., 80 per cent, in 1913“-14, 55 jx^r cent, 
in 1914-15, 00 2X'r cent.dn 1915-10, 60 per cent, in 1917-18, and 40 
2)er cent, in 1918-19. The British C-yanides Company, of London, 
increased their ca])ital in 1920 to £450,000. The company has 
extended its works at Pope Lane and Tat Bank, and has thus 

1 Chem. Ztg., 1918 , 599 . 
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doubled the outpiTt of the former and trebled that of tlij^ latter. A 
research laboratory has also been built. It is intended to construct 
a plant for the utilisation of atmospheric nitrogen. 

German exports of sodium and j)otassinm cyanide amounted to 
b,300 to 6,700 tons in 1010-13, and had a value of £412,500 to 
£462,500 ; from one-quarter to one-third of tliis amount was exported 
to South Africa, into which country the imports of cyafiide were 
valued at £362,500 in 1014. When the imports of German cyanide 
c:ascd in 1014 the position of the South African gold industry 
was at first difficult. ^ Endeavours were inniKMliately made to 
increase the English cyanide iipports and to establish a local industry. 
England exportc^l 7,000 tons of cyanide in 1013, 8,000 tons in 1914, 
and 11,270 tons in 1015.*'^ The two leading English comf)anies have 
assured tliemscdves of the market in South Africa and Rhodesia by 
a contract extending^five years beyond the conclusif)r 4 of ])eace. In 
1016 it was alread}^ stated that it would be difficult for G('rmany to 
regain the lost market, but the considerably increased American 
competition w^as feared ; and America suj)})lies, for (‘xam])le, the 
whole of the M(‘xican requirements, in s})it(‘ of this the Gassel 
(\yanide ( V)jnpany anticipates a gradual improvement in the Mexican 
demand. During the War the English works able to supjdy 

all demands, which had, however, dcHTeased on the whole by about 
20 j)er cent. The German antici])ations of a considerable' rc'd action 
in the production of gold in South Africa in consequence of the 
cessation of the German cyanide deliveries have not be'cn fullilled, 
according to a state'ment at the (General Mee'ting of the CUssel 
('yanide (V)mj)anv on December 12th, 1918.^ In any case' the South 
African mines are not 2 )roj)osing for the pn'sent to work at full 
capacity wutli low^-grade ores. The enlarge'mc.ut of th(' j)laf)t; of the 
C-assel Cyanide (V)jnpany w^as promoted by the Government t4 such 
an extent that it is greater tjian Jhe reejuirenu'nts of the market. 
At the British Scientific Precincts Exhilutioji iii 1917 tlie British 
Cyanide (V)mpany exhibited the following British potash ])roducts : 
k^COg, KHCOg, KCl, KMn() 4 , K 4 Fe(V(;, and others. Th<* JNational 
Research Syndicate w^as founded in London by the directors of the 
British ('yanides (\)mpany, Nobel's Explosive's Gornpany, and 
Chance and Runt in 1918 for the study of processes of fixation of 
atmospheric nitrogen. 

H. N. Morris & C^)., Ltd., Middlewich,* who electrolyse sodium 
chloride, propose to utilise their by-j)roiluct hydrogen for the pro- 

, I Cham. Zia., 1014, p. 1113. 

IhuJ.. lof?, p. 237. 

® Zeitsch. f. ringew, Chem., 1010, li., 1/5. 
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duction of fammonia. Their plant in Manchester ^for the production 
of atmospheric nitric acid, which utilises 15,000 h.p., has already been 
referred to. 

In the middle of 1917 Joseph 8ankey & Sons, Ltd., of Bilston, 
Staffordshire, produced a j)r()cess for obtaining elementary nitrogen 
from air, which they are now endeavouring to utilise for the pro- 
duction bf nitrogenous fertilisers. The following new firms and 
companies are also active in connection with the nitrogen industry : 
the Organic Ammonia Co., Ltd. (1915) ; the Nitrogen Recovery 
Company (1910) ; Capron Neutral Sulphate of Ammonia Syndicate, 
Ltd. (1917) (‘‘Capron” Process); . Tinogen Products Co., Ltd., 
(1917) ; Nitro-Fixation Syndicate, Ltd. (1918 ; Research Organisa- 
ti(3n) ; Fertilisers Manufacturers Association ; Elstree Chemical 
Works, Ltd. (1920); Gasonite (^o.. Ltd. (1920); Anglo-American 
Nitrogen Co.j Ltd. (1920) ; Adams Webster & Co., Ltd. (1920) ; 
Fertilisers Co., Ltd. (1920) ; British Sulphate of Ammonia Federation 
Ltd. (1920), and others. 

The first British plant for the production of liquid air was erected 
in 1907. In 1918 there were eight such jdants, and a further two 
plants which had hitherto manufactured oxygen with the help of 
barium peroxide. The two old barium peroxide works of the British 
Oxygen Ccjmpany have now been transformed for the production of 
electrolytic oxygen.^ The total oxygen j)roducti()n increased by 
about 25 per cent, in 1917. In 1919 there were twelve works, which 
together produced 118 tons of liquid air per day ; 85 per cent, of this 
output was used for the production of oxygen for welding, and 
15 per cent, for medical purposes. In Germany individual plants 
produce 100 tons daily. ^ The use of liquid oxygen explosives is still 
in its infancy in England.'* 

llydrogen is produced by various companies, including Gas 
Developments, Ltd., Walsall, which* has already been mentioned,^ 
which uses a pVocess due to its diroi^tor, Maxted. This company 
erects fat-hardening works, and has, as is well known, carried out 
the first large-scale experiments by a modified Haber process. 
Hydrogen plants are also built by R. and J. Dempster, Ltd., Man- 
chester. The Hydrogen and Oxygen Plant CV)., Ltd., which was 
founded in 1919, with a capital of £50,000, holds patents by White 
and Jaubert for the production of oxygen and hydrogen, including 
German pats. 194,327, "223,246, 241,712, 241,929, 243,367, 262,635, 

^ This is erroneouH. — T kanslatok. 

“ This should probably read “ 100 tons of oxygen daily.” — Translator. 

® The Briti.'-h production of oxygen in 1923 was* 12,000,000 cu. m., the greater part 
of which is manufactured by the British Oxygen Company, Ltd. — Translator. 

« Chern. Zig., 1918, p. 244. 
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262,728, 272,609; English pats. 12,427/1911, 5,005/1943; French 
pat. 454,616 ; it works to some extent in conjunction with the Societe 
rOxylithe. The Integral Oxygen Co., Ltd., London, with a capital 
of £16,000, builds plant for the electrolytic manufacture of oxygen 
and hydrogen. The Knowles Oxygen Company, of Wolverhampton, 
supplies hydrogen in large quantities to the Simlight Spap Works. 

The Liquid Air and Rescue Syndicate, Ltd., of Park T^oyal, had 
a considerable surplus of liquid air available in 1910, which was 
j^upplied free of cost for experiments in order to widen the field of 
use of the product in chemical industry. Sparklets, Ltd., of London, 
with a capital of £300,000, al)sorbed Aerators, Ltd., in 1919, and 
nianufacture liqiu^ficd and compressed gases. 

The first attempts to gasify peat, with recovery of ammonium 
sulphate and so forth, were carried out in England, where tlie Mond 
gas process has been Established for a considerable time.’ N. Caro 
and A. Frank, who hold (Tcrman Pat(‘nts 238,829 and 255, 2&1, 
aj)proacheHl tlu*. English industrialist, L. Mond, with a view to 
interesting him in this matter. At Mond's Works at Stockton, 
yields of 2-8 kg. of ammonium .sulphate and 250 cu. m. of power 
gas of 1,300 cals, per cu. m. were obtained per 100 kg. of water- 
free ])eal, containing 1 percent, of nitrogem. A •nd })lant was 
installed at Winnington, and su])plied, per ton of dry ])eat, 55 kg. 
t)f ammonium sulphate and 1,780 cu. m. of gas of 1,360 cals. ])er 
cu. m. By utilising this gas, a kilowatt hour can be obtained at 
a cost of less than 0-5 })fg, (0’04rf.). From a peat containing 2*8 per 
cemt. of nitrogen, 1 10 kg. of ammonium sulphate were obtained at 
Stockton per ton of dry peat, corres])onding to 83 ]>er cent, of the 
nitrogen.^ 

The Wolti'reck process, which was of)eratcd at a works in Jrehind, 
consists of .passing air saturated with steam over })cat briquettes in 
heated retorts at a txmiperaturfl not •exceeding 550'^.^ Slow com- 
bustion is thus produced without any apjiearance ol llanu‘. Wol- 
tereck was of opini(m that in this ])rocess atmospheric Jiitrogen is 
partially convertf'd into ammonia by the catalytic action of the peat. 
Caro rightly takes the op])osite view,^ Although Wolfereck obtained 
power gas and ash, wdiich may be used as 'a fcTtiliser, together with 
paraffin, acetone, acetic acid, and so forth, this process did not 
meet witli any technical success. ^ 

In 1903 M. EkeJiberg produced a process for the preparation of 

• 

1 Chem. Ivd., 1912, ]». 294. 

- Ibid,, 1908, p. 580 ; 1910. p. 101.5 , 1911, pp. 505, 515. 

® Ibid,, 1908, pp. 189, 941, 1143 ; iy09, p. 277 ; 1912, p. 1403 

« Ibid., 1909, pp. 350, 413, 483, 541; 1910, j*. 1334; 1911, pp. 5, 1.33, 207, 7.34, 
789. 
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peat charceal.^ He was first assisted by the Swedish Government, 
until in 1906 the method was found to be uneconomical. After the 
invention had been perfected International Carbonising, Ltd., was 
founded in London, in April, 1907, with a capital of £41,000, and 
acquired a licence for a royalty of M. per ton produced. Since 
March, 1909,, it has worked in conjunction with the Ekenberg Peat 
Fuel Syndicate, Ltd., which has erected a large works at Dumfries 
Moor in Scotland, and issued 35,000 7 per cent, preference and 
1,400 ordinary shares and in the interval has increased its capital 
by a further £50,000. After the death of Ekeiib(»rg, N. Testrup and 
E. Bowran formed the Peat Coal Invesr’tment Co., Ltd., in December, 
1910, in order to aciquire the patents from his executors. Inter- 
national CJarbonising Ltd., ami the Ekenberg Peat Fuel Syndicate 
were absorbed by Wet (.Wbonising, Ltd., which was founded on April 
2nd, 1912, and has been very active. (See German Pats. 161,676, 
169,117, 172,102, 264,002, 268,720, 268,721, 269,333, 269,741, 

275,091 ; French Patents 451,687, 451,711, 455,896 and others.). 
This (company has acquired the Danisl) jieat bog of Aamosen ^ 
through an affiliated company called Aamosen, Ltd., London. New 
machines have been erected at the works at Ironhurst, Dumfries- 
shire, and should have been fully active in 1913- -14. After the actual 
production costs of peat charcoal briquettes had been determined, 
the whole undertaking was to have been e.onverted into a new 
company with a share ca])ital of £5,000,000. This event, iiowever, 
never took place. Although d^h(‘ bri(juett(\s whicJi were ])roduc(‘d 
were very satisfactory, both for firing ajul for gas ])roduction, 
and ammonium sulphat(‘ is said to have been obtained in satis- 
factory yields, it has not proved 2K)Ssible to makt^ tJie process 
economically sound. The Dumfries Moor Works at Ironhurst 
closW in 1916-17 after a capital of £506,283 had becui redmied to 
£2,725.3 

A (k)vernment (Vmimission was formed in 1917 to investigate the 
Irish peat bogs."^ The peat bogs of Ireland, in whieli country about 
5,500,000 tons of peat are used annually, cover nu)re than one- 
seventh of the total area of the island— namely, 12,150 sq. km. out 
of about 84,000 sq. km. About three sevenths of these bogs are 
situated in mountainous districts and yield peat which contains 
less ash and has a higher calorific value. The total peat reserves in 
Trcdand are estimated at more than 100,000,000 tons ; the next 
largest peat bogs are those in Scotland, whilst in England they are 

^ Chenu Ind., ltU3, p. 247. 

2 Und.. 1013, ]). 210. , 

3 Ibid., 1017, p. 101. 

4 J. Soc. Cfiem. hid., 1920 (30), 213. 
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comparatively small in number. In 1918 there was founded the 
Osmosis Co., Ltd., London, with a capital of £20,000, in order to 
acquire from the Public Trustee and the Board of Trade, by virtue 
of the legislation introduced during the War, compulsory rights for 
the British Patent 10,024/1907 and about 40 further patents of 
the Elektro -osmose A.G. (Graf Schwerin -Gesellseh aft). T)ie Elektro- 
osmosis process of dehydrating peat plays an important part in the 
industry. ^ 

The Scottish (^il shale industry, which was very important even 
Before the War, developed to fin astounding degree under the 
influence of the diminished supply of raw materials since 1914, as is 
shown by the following short summary : — 


Products. 

• 

1871 

1 (51 Works). 

1 ' 

1893 

(13 Works) ^ 

1910 

(t) Works). 

Oil shale, treated (tons) 

! 

i 800,000 

1,948,000 

3,500,000 

Crude oil (million litres) 

113-5 

24M 

305-5 

Burning oil (million litres) . 

; 51- 1 

92-9 

181-3 

Lubricating oil (million litres) 

11-4 

39-8 1 

49-9 

Paraflin wax (pounds) 

! 26.332 

8(),850 

124,850 

Crude ammonium sulnhate (tons). 

, 2.350 

i 

1 

1 

2^,‘ "mI 

59,400 

(jmrified 

57,988 


tons.) 


The prices of the j)roducts also iiuTeased : — 


1 

i 

1871. , 

1893. 

19l(). 

j 

Ilium i n ating oi 1 ( per galh )n ) . ^ j 

1 Id. 

r^d. 

18f/. 

(Viide f)il (pi‘r ton) . . r | 

£l9-l0 

£5 . 

£28 

Paraffin wax (per pound) j 

lOr?. 

5r/. 

0-5r/. • 

Ammonium sulphate (])er ton) 1 

£19-10 

£9-15 

£L5 


I 


The production of ammonium .sulphate was 54,804 tons in 1910 
and 62,207 tons in 1912. In 1917 3,117,658 tons of oil shale, valued 
at £1,280,007, and in 1918 3.080,867 tons, valued at £1,528.584, were 
mined. The average yields were about 110 tons of crude tar, 19'8 
litres of oil, and 20 kg. of aminoniuin sulijliate, per tou of shale. In 
1916-17 a special committee was formed in order fo consider how the 
production could rapidly be raised. In 1918 the shale oil companies 
1 Zeiisch.f. Elektrot&ihnik, 1913, p. 739. 
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of Scotlaeid — namely, Broxburn, Oakbank, Pumpherstone and 
Youngs companies — ^united to form the Scottish Oil Agency, Ltd., of 
Glasgow, with £100,000 share capital, for the joint sale of their 
2)roducts. 

On the English chemical market the year 1914 was distinguished 
by very low.pricies for ammonium sulphate, such as had not occurred 
since 1898 or 1901 ; these dropped to a minimum of £10 6 s. 3 d. per 
ton in Se2)tem])er, 1 914. This corresjxmds to 21-07 marks J^er 100 kg. 
at pre-war exchange rate\s, as compared with 27*5() marks in 1911. 
The disa2>2)earance of Germany and Belgium from the export market 
caused a gradual 2)rice increase after October, 1914, which finally 
attained a maximum of £12 26*. 6 d. f.o.b. Hull. At the outbreak of 
War sto(;ks had accumulated on account of ship2ung difficulties 
ajul diminished demand. Conditions only im2)roved gradually. 
There were £5,000 tons in stock at the end of* 1914, and 20,000 tons 
at the end of 1915. In ,lune, 1915, the 2>T‘it*c of 25 2)er cent, am- 
monium su]2)hate in London was £13 2 .% 6 d. to £13 lO**. 2^cr ton, and 
in Hull, for 24 per cent, ciuality, £13 15^*?. to £13 10. s . 3 rf ., in Liver2)ool 
£13 17.s\ C)(L to £14, and in Leeds in sacks, £14 2 s. iUl. 2X*r ton. In 
1 91 7 the 2)riee at Liv(T2)ool had risen to £15 15 rS *. The 2)rice remained 
fairly iinilojni during HU8, and rose to £10 15, s. at the commence- 
ment of 1919. During the course of 1919 the Board of Agriculture 
arranged with the manufacturers for revised maximum prices for 
domestic deliveries of ammonium sul])hate from October, 1919, to 
May, 1920. The juices agreed! to w^ere considerably higher, as the 
assistance given to ])roduc(Ts by the Government during the War 
had ])een witiidrawn, and the new 2>rices had also to allow for the 
increased cost of coal, raw material and wages. The manufacturers’ 
2)rofits are described as modcTate. The ])ric(is arc based on quantities 
of not less than 2 tons, carriage free at the nearest railway station 
to the ])urchascr, with a j-nuHl dik;ount for dealers and so forth. 
The net cash jjrice jjcr ton in sacks'was £20 KXs*. for October, 1919, 
and rose to £22 for March, A2>ril and May, 1920. These 2)rices are 
based on an ammonia content of 24-5 2)er cent., and rise for each 
further | 2Jer cent . NH^ by 4 a‘. 2)er ton, and by a further 6 s. 2rer ton if a 
guarantee is given that the content of fn^e acid shall not be greater 
than 0-25 jjcr cent. When the ammonia contents are less, the prices 
are diminished by 4 s. jier 0-25 2>cr cent, of NH3 2>cr ton: For 
deliveries under 2 tons, small additional charges are 2^rovided for.^ 
Until the'^end of 1919 ex2)ort prices w^ere from £21 IO5. to £32 
2jer ton, according to destination. There was a good demand. Export 
licenses were necessary. A maximum 2>rice agreement was con- 
^ C/iem. Ind., I5th Senteinbcr, 1919. 
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eluded in 1920 on the following terms, based on 2 cwfc. |i;icks of a 
salt containing 24-75 per cent, by weight of NHg for internal con- 
sumption. For quantities over 4 tons, delivered free at the railway 
station of the purchaser, and including dealer’s profit, the net cash 
prices per ton were : — 



£ 

6. 

June, 1920 

. 23 

19 

July, 1920 

. 23 

10 

August, 1920 

. 24 

0 

September, 1920 

. 24 

10 

(3ctober, 1020 

. 25 

0 

November, 1020 

. 25 

10 

December, 1920 .* 

. 2G 

10 

January, 1921 

. 26 

10 

February, 1021 

. 27 

0 

March-May, 1921 . 

. 27 

10 


The prices for siil|)liate which contains more ainm(^)nia and less 
than 0-025 per cent, of free acid, or wdiich is specially ground, are 
higher by 5,s\ i)d, to 76*. Grf. respectively })er | per cent, of NH;^ ])er ion 
of salt. The export prices were £30 })er ton in February, 1020, £43 
in March and A])ril for the Coloiwes, and £30 to £35, and £50 to £55 
respectively, for other j)laces abroad. By the middle of 1021 they 
had dropped to £12 per toji. There has recently bei n an ijicreasing 
^demand in England for a jmdiibition of export of fertilisers. ^ Ft 
seems doubtful whether any such measure could be (‘xtiuided to 
ammonium sulphate, as England dej)ends on tlie (‘Xport of this 
product. English industrial circles h()])e to achieve tlu^ nianufac-tun^, 
of a product whic^li is absolutely unchangi'd by storage, by n^ducing 
the quantity of free acid. 

Prices for Chile nitrate were very Jiigh during the War, in con - 
sequence of high freight charges, which amounted to £5 to £5 JO.s*. 
per ton, even in 1010 (see under “Chile NitraU*"), but the price of 
nitrate gradually drojqjcd to ^24 5Is. per ton for ordinary, and 
£24 15.5. for refined nitrate by tfie middle of 1020. The Jiew centfial 
sales office of the (3iilean mines was forc(*d to lower j)ric(*s, as the 
demand was very small and stocks steadily incieased. The surj)lus 
stocks of the Bjitish Ministry of Munitions werc^ offered to farmers in 
1919 at £20 per ton. 

On the London chemi(;al market on duly 27th, 1020, ammonium 
carbonate was offered at lid. per lb., best quality ammonium chloride 
at £5 106., second quality at £5 56 ., and ground at £5 156^. per 100 kg. ; 
refined English potassium nitrate was sold at £3 476 . to £3 196. per 
100 kg., and 10 per cent. (?) Bengal saltpetre at £2 8.s'. per 100 kg. 


^ Metallboraet 1920, p. 1198. 
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During the War the area under grain in England increased, whilst 
the meadows and grass land decreased correspondingly : — 


}'re-War. Post-War. 

Sq. km. Sq. km. 

Land under wheat and m forth . 54,270 . . 68,850 

Mcadc^ws and grassland . . 134,865 . . 120,285 


In 1913 English agriculturists utilised about: — 

100,000 ions of ainnioniuni sulphate — 20,000 tons N. 

80,000 tons of Chile nitrate = 12,480 tons N. 

Total .... 32,480 tons N. 


At that dat(^ about 30,670 sq. km. were under wheat, rye, barley, 
oats and poftvtoes. According to Sir Charles t'itdding, 194,400 sq. km. 
would suffice to supjdy the total demands of England for foodstuffs, 
provided that the use of ammonium salphate or fffiile nitrate was 
increased ])y about 300,000 tons — that is, by about 50,000 to 55,000 
tons of nitrogen — the us(‘ of suj)erphosphate by 900,000 tons, and the 
use of basic slag by about 1*2 million tons annually. This estimate 
appears to be (extraordinarily low v/hen com])ared with German 
conditions. The (Jerman ai’ea of cultivated land was about 260,152 
s(p km. in 1913, and at that time at least 210,000 to 220,000 tons of 
nitrogen us(*d on this land in the form of fertilisers. In 1918 a 
commission of Government representatives, industrialists and 
agriculturalists decided most (‘mphatically that intensive agriculture 
and a corres})ondiTig utilisation of fertiliscTS in England must at all 
(K)sts be ensured. 

,In March, 1917, England produced 28 times as much explosives 
as in March, 1915.i The carbide imports into Great Britain in 
1915 and 1916 were as follow'!^ in ions (round figures): — 


1915 1910 


Erom Sweden 

4,000 

2,200 

,, Norway 

. J 8,000 

. 17,000 

,, Italy 

1.100 

800 

,, Canada 

1,000 

4,000 

Total . 

. 24,000 

. 26,000 


The average (|uantity of Chile nitrate used annually in England 
during the last few years before the War was about 120,000 tons, of 

' (Ihem. Ztg., 1918, p. 1. 
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which over 80,000 tons were used agriculturally. Thereaft<jr the total 
imports of sodium nitrate in tons were : — 


1915 . 

1916 . 

1917 . 

1918 . 

1919 . 


131, 520^ 
20,8962 
1,680 
300 

24,4W5 * 


The e:q)orts of 2 )otassium nitrate refined in Britain, in round tons, 
were - 

• 191S 820 

1919 . . . . . 2,800 

The imports of this product in 1916 were 21,000 tons, and in 
1917, 19,000 tons. 


^uppleinenf, 1921 1924 , 

In tliis country the main feature remains as hitherto the produc- 
tion of by-product ammonia from the distillation of coal. It is true 
that the coal production dropped from 292,080,000 tons in 1913 
to 254,880,000 tons in H)22, and that the total coke production 
only amoimted to barely one-third of the pre war production in 
1921 and about two-thirds in 1922. In 1920 there v.* 92 plants for 

the production of (concentrated ammonia liquor from by-product 
ammonia and 631 producing ammonium sulphate. The production 


of ammonium sulphate in 1920 was • 

9 Tons. 

From gas works ..... 176,196 

From blast furnaces .... 10,441 

From shale distilleries .... 54,290 

From (ccdvc ovtms .... 157,908 

From gas producers, etc. . 20,046 

Total . . 418,881 


The production of ammonium sulphate was 432,551 tons in 1918 
and 397,513 tcjns in 1919. In 1922 133,373 tons of amrmmium 
sulphate were productMl })y 796 gasworks. The exports of ammonium 
sulphate from Great Britain, which had held the first place in 1913 
with 328,000 tons, dropped in 1922 to 1^8,000 tons (M etallborse, 
1923 , 1127 ; Che 7 n. Ztg., 1922 , 47, 691 ; Chew. Ind., 1923 , 514, 614). 

New coke ovens were being erected or had started production in 
1923 (Felton). The number of pounds of nitrcjgen aj>plied in the 
form of manure per ac^re is in Germany 10*3, m France 4*5, in 

1 129,458 tons from (.hile ; 2,039 tons from Norway - 

2 20,807 tons from Chile; 11 tons from Norway. 
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England 2*01. Synthetic Ammonia and Nitrates, Ltd., joined the 
Ammonium Sulphate Federation in 1022. Wet Carbonising, Ltd., 
was finally liquidated in 1921. 

The production of synthetic ammonia is at the moment still 
unimportant. The experimental plant of Synthetic Ammonia and 
Nitrates, Ltd., at Runcorn has been working uninterruptedly since 
the end of 1*921 witli a production of 1 ton of ammonia per day. 
The Billingham Works are expected to commence production in 
1023-24 on bclialf of Brunner Mond & C^o., Ltd. They are to pro- 
duce ammonia synthetically by a process similar to that of Haber. 
A production is expected of 300 tons of ammonia per twenty-four 
hours. Maxted's alleged thermic 2 )rocess has been condemned by 
German experts {Chern. Ztg., 1924, 73). A j)rocess which was 
announced in 1021 by F. W. Bowman, the President of the British 
Ammonium (V)., Ltd., London, of producing ammonia synthetically 
in the absence of liigh pressure or high temperature has not been 
heard of since. 

The (/umberland Coal Pow'er and Chemical Co., Ltd., acquired 
licences for all the Claude j)roct‘sses, and the Tully Gas Plants, Ltd., 
of Newark-on -Trent, delivered two* Tully gas producers for the pro- 
duction of 50,000 cu. m. of gas rich in hydrogen per twenty-four 
hours for use in Japanese (landc plants. 

The British (/vanide (V)mj)any sucicessfully carried out cx- 
j)erimcnts oti the direct fixation of atmospheric nitrogen. In 
November, 1922, they (iom])leted the first jJant of this kind, 
commenced [)roduction, and further works are to be erected {Clmn. 
I ml., 1923, 230 ; Metallblkse, 1924, 103). 
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(JH AFTER X 

The Nitrogen Industry in the Remaining European 

Countries 

Belgium. — The first attempts to oxidise ammonia by the Ostwald 
platinum contact process were* carried out in Belgium in the plant 
erected by Diiche at Vilvorde in 1912-13, the ammonia being 
produced from calcium cyariamide from Odda, in Norway. It has 
already been nKiiitioned that tije results of these exj)eriincnts w(Te 
unfavourable, and thatf the whole plant was acquired b;f the English 
Nitrogen Products Co., Ltd., and Nitrogen Fertilisers (b., Ltd., in 
London. Jn tSeptember, 1914, the plant fell into the hands of the 
advancing German forces. In 1918-19 it was valued in the books 
of the Nitrogen I’roduets (biqpany at £138,100. The German 
Government paid £270,000 in com))ensation for damages. 

Before the War Belgium produced about 40,000 toh^ td ammonium 
sulphate per annum. Certain of its works were associated before 
1914 with the German Ammonia Sales Association (Deutsche 
Ammoniak V.V.). The coal production in 1913 was 22, 840, 000 tons, 
and the coke production 3,816,000 tohs. 

In 1919 Belgium concluded a three years' agreement with the 
Chile nitrate works for annual deliveries of 300.000 t(*ns of nitrate. 
Its imports in 1913 were 304,136 tons. 

In September, 1919, on the Antwerj) mai ket, nitrate was sold at 
123 fr. per 100 kg., for spring deliveries ; in 1 920 150 fr., ill May 155 fr., 
in July, 1920, 103 fr. or 115 fr. for s]#ring delivery in 1921. Prices 
for ammonium sulphate were 171^ fr. jier 100 kg. in Sej)teTiiber, 191/J, 
and 150 fr. in July, 1920. The price of ammonium carbonate was 
400 to 41^0 fr. j)er 100 kg. in July, 1920, and that of ammonium 
chloride 300 to 350 fr. per 100 kg. The pric^e of i)()tassium cyanide 
in May, 1920, was 850 fr. p(T 100 kg., andahat of sodium cyanide 
810 fr. per 100 kg. 

Italy. — ^The power question is of special jmjxirtance in Italy, as 
there is absolutely' no domestic coal. The normal peace require- 
ments for coal were 12,000,000 tons. During t(^c Wflr, successful 
efforts were made to increase the production of lignite considerably. 
In 1913 the output ’of lignittf was 664,000 tons. Now, however, 
about 1,500,000 tons are obtained annually, and it is hoped gradually 

15 
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to increast this quantity to 3,000,000 tons. The development of 
water powers, which is being actively carried out, is a longer proeess. 
There is also a promising field in the exjJoitation of peat, which Ijias 
been greatly assisted by the General Commission for Fuel with 
assistance by j)rivate enterprise, and by the investigation of the 
large ])eat ^{loors of Sondrio and Lucca. In 1916 there were 40 
firms whicli were active in connection with peat utilisation ; in 1917 
tljese had increased to 108, and on June 1st, 1918, to 149 ; 67,000 
tons of peat were obtained in 1910, and 160,000 tons in 1917 ; the 
output for 1918 is estimated at 300,000 tons. The Italian military 
authorities have also interested themselves in the production of 
]ieat-. IVat is also used as a fertiliser in Italy. The Mond gas 
])rocess is utilised by the Societa ])er TUtilizzazione dei Combustibili 
Ttaliana, of Milan and Pontedera, which treats 90 tons of coal 
daily, and supplies 9,000 h.p. This com})an'y has gasified peat for. 
thirteen to fourteen years, after gasification exjM'riments carried 
out at Winnington in England, at. the instigation of Frank 
and Caro, had demonstrated the suitaliiJity of tlie raw material. 
On the average, the Italian ])eat contained 40 per cent, of water. 
Its composition when dry was as follows : — 

15-20 per cent ash. 

43-80 jier cent, volatile matter. 

1-62 per cent, nitrogen. 

56-30 per cent, total carbon. 

34-20 ])(‘r cent, fixed carbon. 

5,620 calories, cal. value. 

In Winnington, 650 tons vere treated in all, and jiroduced, per 
ton of dry material, 55 kg. of ammonium sulphate, and 1,780 cu. m. 
of j)ower gas of 1,360 cals., wiiich corres]iond to 480 effective horse- 
powr hours in a gas engine. The nitrogen yield was about 70 per 
cent. ; not th(‘ slightest difficjul tie's were met with in purifying the 
gas, whicli cohtains 0-016 gms. of ti'r j>er cu. metre; the hydrogen 
eont(*nts of the gas varied liy about .1 jier cent, only, and calculation 
show(“d tliat the horse-power of electric energy obtained would cost 
less than J jifg. (O-OliJ.) ajiart from the sale of ammonium sulphate. 

The Italian Company exjdoits the jieat which has formed in the 
former lake at Bicntina. Its jxiwer station is at Orentano, 36 
miles from Pontedera. Up to 1913 the peat gasification plant 
supjjlied about 2,000' kw. annually ; it was to have been extended 
in 1913-14. • 

The ammonium sulphate works “ Ammonia ’’ of Milan, which 
had a share capital of 10,000,000 lire, changed their name in 1919 to 
Societa Ttaliana per Ic Ligniti e Torbe. 
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The Commission for Chemical Industry approached Jhe Ministry 
of Trade in 1918 to the effect that in all future applications for 
concessions for the utilisation of water powers, those should have 
the preference which proposed to utilise a considerable portion of the 
power for the production of nitrogen compounds. At the meeting 
of the Association of Italian Joint-Stock Companies in Rome in 1918, 
Signor Nitti emphasised the necessity for the foundalion*of a large 
Bank for financing export trade and installations utilising Italian 
water-powers. The Sc^cieta Generale Elettrica dell’ Adamello has a 
•capital of 100 , 000,000 lire. A large water-power development was 
planned in 1 91 8 at Bomaso on the Lido. For this purpose a dam was 
to be constructed near the bridge of Bagri 700 in. above sea level, 
in order to c^arry the river water through a canal along the mountain 
side to below tlie village of Caino, 300 m. above sea level. 

As Italy is mainjy dependent on England for i^s coal supply, 
there has been a latent coal crisis since the Ttalo-Turkish War of 
1913, as the sui)pliers at that time cancelled their contracts on the 
grounds of the w^ar clause.* 

Previously to 1913 the price of English gas coal was 25 to 35 lire 
per ton free at the gas works.* It rose to 50 to 60 lire per ton in 
July, 1914, and then rapidly rose further. In the price was 
200 to 220 lire per ton.^ Italy therefore turned to North America 
for coal supplies. Many gas works closed during the War. In 
1916 the price of lighting gas had already increased to three to four 
times its former price, and public illumination was very much 
reduced. The whole of th(‘ tar jmxluction was recpiisitioned for 
military purposes at a maximum price of 45 lire per ton. As the 
distilling })lant at Borgo san Bonino w^as too small to cope with the 
whole of the sup 2 )lies, the reservation of ail tlu'se by the State was in 
part countermandt'd. All gas works with a production of mor# than 
1 ,0()0,00()’ cu. in. per yt'ar w^^re obliged to erect a j)lant for the 
recovery of benzole and toluoje, facilities lieing givan for writing off 
this plant in five years. Tn 1916 the price of coke was twice to ‘two 
and a half times the jire-War jiriee, ami the price of ammonium 
suljihate had doublcHl. Tn om* w^ay and another the financial 
position of the Italian gas works at tliat.time may l)e described as 
excicedingly bad. 

Puring the War Italy endeavoured with remarkable success to 
increase its chemical industry, which haef^been very unimportant 
previously. In 1920, of a total capital of 11,71^2,905,381 lire, 
belonging to 4,414 joint-stock companies, tlte chemical industry 
accounted for 174 , 319,000 .lire, belonging to eighty-three under- 
' Journal /. Gashel.j 1916, p. 426. 
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takings. Ii^ addition there were 30 wholesale merchants, with a 
capital of 38,848,000 lire. Before the War the annual value of the 
production of the cliemical industry was about 200,000,000 lire, of 
which the main portion was due to the manufacture of super- 
phosphate in 87 works, of which 35 of the most important were 
imitcd in a trust. ^ The imports of crude phosphate into Italy in 
tons were*; — * 


HI05 . 

1912 . 

1913 . 

1914 . 


240.100 

466.100 
259,800 
514,000 


In 1915 almost 1,000,000 tons of su 2 )erphosphate were obtained 
from imported phos])hates, so that only a very small fraction re- 
maiiud to be imj)orted. The imports of superi)hos2diate in tons 
were : — 



Product ion. 

Imports. 

Consumption. 

1905 

480,000 

30,000 

510,000 

1912 

1,0.'50,200 

37,000 

1,087,200 

1913 

»72.r)00 

74,700 

1,040,000 

1914 

025,000 

38,200 

960,000 


The jmxluetion of supcTfjhosjdjate necessitated large cpiantities 
of sul])liuric acid which could t)e covered from internal resourci‘s. 
In 1917 500.000 tons of ])yrites were mined for tiie majiufac.ture of 
suljdiuric acid ; in addition, tlie production of sul 2 )hur was about 
500,000 tons (in 1913 it was 394,000 tons, of which 345,000 tons were 
])roduccd in Sicily). Th(‘ production of suljdmric acid was as follows : 

1905 . . . f . • . . 302,100 

1912^. . . . , . . 634,521 

lido . ... . . . 625,943 

SuljJjuric acid was jmjduced frem sulj)hiir by t})C Colla e tdneimi, 
of l^)rtici and Barletta. Fuming sulj)huric acid for the manufacture 
of explosives was j)roduc(‘d in plants at Bolognano, Avigliano and 
Cengio. The 2 )roduction of copiter suli)hate (26,212 tons in 1905; 
41 ,272 tons in 1916), of Turkey red oil for the textile industry, and of 
tartaric and citric acids* was fairly important. In Western Liguria, 
in the neighbouihoorl of Pavona and Alhenga, the number of chemical 
works is j)articularly large. 

^ Sec al8o “ Verband <lcr itaJioniHchcn SuperpJio'sphatwcrkc imd Fabrikcn Chtmiecher 
Produkte,”. Zete/i. /. angew, Chetn.f 1920, ii., 438. 
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Before the War the total import of chemical prodijcts reached 
an annual value of 180,000,000 lire. The development of the 
chemical industry was generally rendered extremely difficult by the 
dearth of suitable apparatus and machinery, and also by the absence 
of technically educated chemists and engineers. The electrolytic 
chlorine industry has grown considerably. The production of ben- 
zene, toluene, phenol, naphthalene, dye-stuffs, carbon disulphide, 
electric steel, essential oils, and so forth has once inon* been taken in 
hand and improved. 

The first atmospheric nitrogen works in Ftaly was that of the 
Socicta Italiana per la Fabbricazione di Prodotti Azotati, which was 
formed by the Cyanidgesellschaft m.b.H. of Berlin and l)y the 
Deutsche Bank. Their works at Piano d’Orta started manufacture 
in 1905. This was the first installation of the Frank-( Wo cyanamide 
l>rocess on a large ii^fliistrial scale, and it was mainly there that it 
was develo})ed. The Piano d’Orta works utilises the water power of 
the Pescara in the Abruzzi. The productive capacity, which was 
(U-iginally only 4,000 tons of cyanamide. was later increased to 

14.000 tons. In 1918 the capital of the Societa Italiana per la 
Fabbricazione di Prodotti Azotati was increased from 6-6 to 9-0 
million lire, llie Societa Jtabaiia per il (^rirl)ur(. '^Hlcio at Terni 
(llml)ria) uses the three large falls of the Velino, with a total fall of 
200 m. at the conflucuict^ of this river with the Nera, which escapes 
from the Roman Apennines 7 km. downstream, near Terni. The 
output (capacity for cyanamide in V912-13 is given at 24,000 tons. 
The Societa Piemontes(‘ per la Fabbricazione del Carburo di Calcio e 
Prodotti Affini at 8aint Marcel in the valley of the Dora Baltea, 
11 km. east of Aosta, has a ca])ital of 2,000,000 lire. This company 
operates two carbide furnaces of 1,000 and 2,000 kw., with wa^er 
power from the Dora Baltea, and produces 2,400 tons of clirbide 
annually.’ The possible prod^ctioi^ of cyanamide for 1912-13 was 
estimated at 3,500 tojis. The^limestone comes from the quarries at 
Meana di 8usa. The Societa Italiana l^rodotti Esplodenti, of Milan, 
produces ammonium nitrate and cyanide products at Vado Ligure, 
and nitric acid, explosives, and so forth at Cengio. 

Tlie large water -j)owers on the southern slopes of the Alps were 
exploited for carbide manufacture at an early date in the valley of 
Aosta, the province of Brescia and so forth. The largest Italian 
works belong to the Societa Italiana per il Cftrburo di Calcio Already 
referred to, and are esta})lished at Collestate and JJapignano, near 
Terni. The total carbide production of Italy in 1914 was about 

65.000 tons, and employed# 50,000 h.p. ; about 10,000 tons were 
exported. In 1913 more than 50,000 tons were produced, and in 
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that year 11,037 tons were exported ; in 1916 the exports were 
4,215 tons. A special product is obtained by coating with glucose. 
There is a tax on the consumption of carbide. The carbide industry 
was greatly stimulated by the War. 

Jn 1914 about 4,700 tons of calcium cyanamide were converted 
into ammonium sulphatt\ In 1917 the Societa per lo Hviluppo Della 
Cianamide e di Altri Prodotti Chimiei was founded at Rome, with a 
capital of 12*5 million lire, in which foreign cyanamide works were 
interested ; its business headquarters are in Turin. It is known from 
the reports of the English Nitrogen Products and (Carbide (V)., Lid., 
that an Italian firm was erecting a plapt for the company’s catalytic 
j)rocess of oxidising ammonia and for their ammonium nitrate pro- 
cess in 1916-17. 

The Officine Elettrochimiche Jlott. Rossi, in Legnano and Ver- 
giate, utilises Jhe Pauling pr()(‘.ess, and produ(‘ed in 1913 1,200 tons 
of atmospheric nitric acid of 36'' to 42" Re. in eighteen furnaces, each 
absorbing 500 k.w. As no ammonium nitrate had been produced in 
Italy before the War, at the outbreak of war the “ Rossi ” Electro- 
flicmical Works at JjCgnano took up this manufacture for the 
Government. Jn order to increase the output of atmos])heri(; nitric 
acid, they purehesed tJie Anio Power Station at Ponte Mammolo, 
near Rome, in 1916. After being consideivibly extended, this was 
o])ened in 1917 for the ])roduction of ammonium nitrate and other 
electro-chemical prculucts. At the same tiine th(‘ parent company 
increased its share ca])ital from. 1,909.006 to 8,000,000 lire, and in 
1918 the capital was again raised to 20,000,000 lire. In 1913 the 
works also ])rodiiced 570 tons of j)otassium chlorate and 160 tons of 
potassium nitrate. In Domodossola a works was start(‘d in 1920-21 
with an out})ut capacity of 10,000 tons of cyanamid(‘. * 

The Societa Prodotti Ghimici (’olla e (Vuicimi, of Rome, in- 
creased its caj)ital in 1918 from ^2,00(t,000 lire to 20,000,000 lire, and 
entered into close (;o-operation with fhe Socida Industria Italiana, 
which is inter(\stcd in tire })roduction of atmospheric nitric acid. 
Agreements were also entered into with th(' Electrode Factory of 
tJie Societa Italiana C-arboni Ekdtrici. The largest producer of 
sulphuric and nitric acids was the Unione (\)n(;imi, of Milan, which 
extended its works greatly during the War. its capital in 1916 was 
35,000,000 lire, in 1918 40,000,000 lire, and in 1919 50,000,000 Ike. 

Thb Unione Jtaliantt ‘fra C.'onsumatori e Fabbricanti di Ck^ncimi 
e Prodotti Cbimici, which is a combination of tJie principal 
producers of superphosphate, witli a capital of 79,000,000 lire, 
amalgamated in 1920 with the abovevmentioned Societal Prodotti 

^ Vhem. Ztg., 1921, p. 212. 
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Chimici Colla e Concimi of Rome. It is proposed that it sliould 
also absorb the united companies of the Montecatin! Mines in 
Milan, which propose to increase their capital for this purpose 
from 140,000,000 to 200,000,000 lire.^ The Unionc has an extensive 
programme for the erection of a large fertiliser works covering 
180,000 sq. m. for the production of sulphuric acid, su])er])}iosphate 
and so forth, which is to adjoin the new industrial harf^ou^; which is 
to be built at Venice with a front 400 m. long on the Northern Com- 
mercial Canal. 

• In 1916 the Anonima Fabbricca Italiana di Solfato Animoiiiaco, 
of Milan, increased its capital from 1,100,000 to 5,000,000 lire*. 
Amongst the newest compan;)^ foundations and extensions one ]nay 
also mention the 8ocieta Anonima Industrie Chimicdie Agric^ole, of 
Rome, the So(*ieta Agraria di Domodossola of Rome, tlu* Industrie 
Chimiche Conti, of Florence, the Fabbrica (Vmcimi (^himici del 
Sannino, and the Ossinitrica, of Genoa. The works* at Nogaro of 
the Unione (Vmcimi were comjdetely destroyed during th(' War. 

There was very little nranufacture of atmospheric nitric acid prc'- 
viously to 1014 ; there were, in 1911, only a f(‘w small exj)erimental 
works. 2 It was reported from Rome in June, 1920, that tlie Professor 
of ('hemistry, L. Casale, had succeeded, after exj)erimf‘nts exti'iidiiig 
over many years, in producing synthetic ammonia Irom air and wat(T 
without the use of coal. “ The machinery to be utilised for this 
purpose is said to work automatically witJioiit attention or labour, 
and forces a mixture of nitrogem and hydrogcui through specially 
constructed tubes at a j)ressure of 250 a1inos])hcrcs ; in these tubes 
the gases are converted into pure ammonia, which (tosts almost 
nothing. The invention is already being exploited l)y a company 
which has acquired im])ortant water powers for the puri)()se. It is 
estimated that the works will supply siillicient ammonia, notoyly for 
Italian consumers, l)ut also for export.” Tlie final succ('ss of this 
modified Haber-Rosch process is sflll awaited. A syndicate is also 
stated to have been formed Rome in 1920 to promote^ the u^e of 
nitrogen instead of benzole for driving motors. Only slight alt(‘ra- 
tions of the carburettor are said to be necessary. Ac^cording to the 
experiments which have so far been carried out,^ the costs for fuel 
for a 25 to 30 h.}). car, driven a distance of 60 km. during (me hour, 
are^53 centimes. During the War the manufacture of carl)ide and 

•• • 

^ Ohem. 7Ag., 1920, ]>. 588. 

2 Ibid., 1911,]). 1185. A capital of 2r),(K)0,000 lire is to be deAi»tecl to the erection 
of a calcium nitrate works iii South Tvrol (Etsch Works at M^ran), with the assistance of 
the IClektrobank of Zurich ; the pr<,>posed annual jiroduction is ti) be 5,(300 tons of 10 per 
cent, calcium nitrate. • 

* Zeitach, f. aiigew. Chem., 1920, ii., 131. 



232 


OTHER EUROPEAN COUNTRIES 


cyanamide was under Government control. The average production 
of carbide 'per month in 1918 and 1919 was 4,759,000 Ib.^ “The 
cyanamide works at present active in Italy are able to produce 

12.346.000 lb. of cyanamide monthly. The average production 
during the years 1918 and 1919 was, however, only 3,968,300 lb! Of 
this quantity, 3,174,600 lb. were sold directly, the remainder being 
emj)loyed foi^ the production of ammonium sulphate. Neither 
calcium carbide nor cyanamide have been imported in ..quantity 
iluring the last two years. In order to satisfy the large demand for 
ammonium sulphate wliicli had been almost completely supplied irl 
Italy before the War by imports from abroad, the inland production 
was greatly increased by utilising the*^ by-products of the gas works 
and coke ovens. In 1914 the internal production of ammonium 
snl})hate was 2,535,000 lb. In 1918, however, it was already 

7.275.000 li)., of which 2, (>22,000 lb. were j)roduced in gas works, 

880.000 lb. frdm coke oveJis, 660,000 lb. from cyanamide plants, and 

1 1 3.000 lb. from peat distillation plants. The imports of ammonium 
sul2)hate dropped very considera})ly from 48,000,000 lb. in 1913, to 

5.500.000 lb. in 1918-19. It is possible that when normal conditions 
are restored, imports of ammonium sulphate will rise again, but the 
high figure^ of 1913 will pro))ably m^ver be attained.'’ 

Before tln^ War the Italian consum])tion of artificial fertilisers 


]ier hectare of cultivated land was : — 

K^. 

Phos])hatc ...... 52*65 

Potash . . • . . . .3*80 

Nitrogen ...... 0*65 


Total . . . . . 60 00 


In 1913 there W(Te imj)orled : 1,586 tons of ]K)tash ; 7,061 tons 
of jjoka.ssium chloride ; 485 tons of jKdassium nitrate ; and 9,454 tons 
of potassium sulphate. The im^H)rts,of ('hile nitrate were : — 


Year. , 

1913 . 

1914 . 

1915 . 

1916 . 


Tons. 

67,417 

58,849 

71,729 

85,649 


In 1913, 1,600 tons of potassium nitrate were produced, 
production of calcium cyanamide was : — 


Y eai . 

1912 . . • ‘ . 

1913 ...... 

1914 

1915 

^ Si'f MeiaUfjornCt 1920. 


Tons. 

10,304 

14,982 

16,556 

25,292 


The 
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11,800 tons of carbide were nitrogenated in 1914. JThe actual 
output capacity of the Italian cyanamide works is now about 60,000 
to 70,000 tons, whereas, in 1913-14, it was about 45,000 tons. In 
Milan an “ Institute for the Promotion of Fertiliser Trials ” has been 
established. 

In 1913, 13,010 tons of nitric acid were produced, and 600 tons 
were imported. During the War the production was greatly in- 
creased, «is the atmospheric nitric acid industry developed very 
considerably. The Dinamitificio Cengio is mainly interested. In 
1913 the Rossi works only produced 1,200 tons of acid of about 
40“ Be. It was not possible^ to obtain reliable statistics on the 
amounts of nitric acid and ammonium nitrate which are mw manu- 
factured. 

Oxygen is produced at various works by the Linde, Claude and 
^ Pictet processes. Ahyninium nitride is said to be produced in small 
quantities. In 1918 coal mining was made a State monopoly. 

The Italian requin'inents for fertilisers are stated officially to be 
as follows : — 

100,000 tons of Chile nitrate (imports from Chile in 1913, 
07,417 tons). 

25,000 tons of ammonium suljJi.ste. 

25,000 tons of potash fertilisers. 

(i00,000 tons of phospliates. 

100,000 tons of basic slag. 

During part of the War there was % serious deficiency of fertiUsers. 
At the cK)nimeneement of 1919 .stej)s were at last taken by the 
Government to supply the firtili.ser works with both domestic and 
foreign raw materials and to acquire and distribute the nitrates 
w'hicJi were relea,sed by the military authorities. The su])ply of 
])}msphates was very ditfieult, in so far as France lestricted exjiorts 
of phosphorite from Algiers and^’unw at the commencement of 191.). 
The .sudden and unexjjoeled announceim'iit of tins French regulation 
caused much bad bhunl in Italy, as tlie amount which was leleascd 
was to be smaller than that w hich hatl ))een imporl(>d from Algiers 
and Tunis during the War, and .sujijfiied far less than one-third of 
the Italian ])cace requirements. 

Spain.— Spain is very rich in water-power, and the electrical 
develppmcnt of tlie country increa.sed very raiiidly during the War, 
before which time promising beginnings hftd alrt'ady been ftade. 
The nine large companies which supjily Spain wdth plectric power 
utilise about 500,000 h.p. of the 5,000,000 h.p. Vhich is available. 
The A.E.G. and Siemens grojips iiredominatc among the German 
undertakings in Spain. Spain now produces about 15,000 tons of 
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carbide in ^ thirteen electro -chemical works. In 1916 they pro- 
duced 34,522,000 lb. of carbide and 3,285,000 lb. of ammonium 
sulphate. In 1913 neitlier carbide nor ammonium sulphate was 
produced . 

Ill spite of the value of the mineral resources of all kinds, including 
ores, coal, lignite, salt and so forth, the chemical industry of Spain is 
only very slightly developed. Few new sulphuric acid works were 
erected eluring the War, but the old works were largely ^'xtended. 
The exports to France were 36 tons in 1914, 3,000 tons in 1915, and 
almost 7,000 tons in 1916. There are important coal deposits ill 
Asturia and in the valk^ys of I'jo, Puertollano, Valencia, Bojador, 
ITj illos, Figols and othei* places. The de})osits at Valencia consist 
of anthracite. Tlu^rc* are large lignite de 2 )osits in the Pyrenees. 
Good trans])ort facilities are lacking almost everywhere. The total 
coal ])roductipn rose from 2,583,000 tons in 19p0 to 3,783,000 tons in 
1913. Tfjere are very large oil-shale deposits in Castile and Anda- 
lusia, but they arv rather poor, yielding 6 U) 12 per cent, of oil. They 
are only being (^xjjloited on a modest scale. In 1918 there were 
al)out niiu'teen j)urely S})anish undertakings conc(‘rned with chemical 
industry ; these had a joint nominal capital of 53,695,000 pes., and 
an actual j)aid vp cajntal of 43,6()8,000 p(ss. The S.A. Minera de 
Peharroya and the Cnion Es[)anola de Fabricas de Abonos, with 
works at Malaga. Alicante, Valencia and Seville, works with French 
caj)ital, and the “ Superfosfatos " is English. The productioji of th(‘ 
former works was 167,000 tons of su])e^rj)hos])hate iji 1913, 66,000 
tons of sulphuric acid in 1917, and 84,500 tons of su2)erphosi)hate in 
the same year. The -Cnion Kesinera, Es 2 )ahola, with a ca])ital of 
20,000,000 ]K*s., is devoted to resin ])roduets, and has numerous 
works and branch establishments. The develo])ment of \^arious 
vah^:d)le ph()s])horite deposits has so far been hampered by deficient 
railway communications, but the d(>mesti(5 ])roduction has sufficed 
to su})i)ly lu)m^^ demands. The j)roduetion of potash salts from the 
jnilies of the ])rovinees of Barcelona and Lerida, in connection with 
which the CkTinaii potash syndicate had already acquired some 
influence before the War, i)rogressed very little, which is much to be 
regretted from th(' point of view of fertiliser sujqfiies in Spain. In 
1913, 23,625 tons of chemical j)roducts were imported into Spain, 
mostly from Germany, France and England. During the War jjeriod 
the U nited States, l^Tahce and England endeavoured to acquire a 
predominant .position in the S})anish (duunical market. German 
influence is now once more increasing rajudly. 

In 1919 three works for the production of atmospheric nitric acid 
were being erected — one at Viana, supplied with 8,000 h.p. of hydro- 
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electric power ; another at Lerida, for which 25,000 h.p. are^t present 
available, later to be increased to 75,000 h.p. ; and the third in 
Corcubion. In 1913 the Norsk-Hydro had already granted a licence, 
for 1,000,000 fr. and an annual payment to a financial group headed 
by the Banco de Castilla, for the use of a process which the group were 
to develop in Spain and Portugal,^ For this ])urpose the Sociedad 
Iberica del Azoe was founded. When, however, the Scfhdnherr 
furnace was found to be more efficient than the Birkeland-Eyde 
j)rc)cess, it was decided to work with the foi nier.-^ 

The works at Viana (Navarre) utilise a waterfall of the Ebro. 
Tliey are being built and operate^ by the ( \)mj)ania Navarra de Abonos 
Quimicos de J^ainplona. The costs of the water-j>ower development 
and electric plant were estimated at 5,900,009 i)es., and of th(' works 
at 3,000,000 p(‘s. During the War no calcium nitrate* was produced 
^at these wcjrks, as they were still unfinished in li)20. , The Lerida 
Works are in a still earlier state of construetion. With a power 
utilisation of 35,000 h.p. the output e>f atmospheric nitric acid in 
Spain should be increased in the next few years to about 15.000 tons 
of conc(‘iitrated nitric aend. 

The Sociedad Elect rometalurgieo del AstilliTO, of Santander, 
which was founded in 1913 wath a eaj)ital of 2oV “0 p(‘s., had 
teni})orarily to closer their carbide works whic'Ji wa^re opened in 
January, 1914. Towards the end of 1919 important financiers from 
the Bascpie ]U’ovin(^es of Navarre met at Pamplona to form a new 
e()mj)any for the manufacture of ehemk*al products, “ La Hlurdana, 
to utilise the sur})lus salt production of these j)rovinees. It is ])rO' 
j)C)sed to obtain the necessary electric power for an electrolytic |)lant, 
for the dcc()in])(Jsition of brine and so forth, by utilising a waterfall 
near l^amplona. The fixation of atmosj)herie nitrogen is also being 
considered. In 1920 the French Soeiete des Produits Azotes obtaAied 
a concession from the Spanish •Cloviirnmcnt for the (Tection of a 
cyanamide works with a capit^il of 1,500.000 fr. S^il])huri(^ achl, 
phosphoric^ acid, and so forth, are also to be jmxluced. It is rumourbd 
that a new process for the i>roduction of cyanamide derivative's is to 
be installed.® 

Before the War 1,150 tons of bcuizole were jiroduced annually 
in four works. Since 1914 ihrvc now works and one extension have 
been «ddcd, so that to day 2,200 tons of benzole can be obtained. 
The Sidcrurgica del Mcditerraiieo is also afifliit to erect a finther 
plant of an annual output capacity of 600 tons. 

^ ('hftn. Ztg.y 1913, p. 1387. 

* Y. A. Buhler,*t’/i€m. Ztg., 1913, p. 1509. 

3 Chem. ZUj., 1920, p. 547. 
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Long Jiefore the War the Altos Homos de Vizcaya were con- 
sidering j)laris for recovering by-products from the gases of their 
six batteries of coke ovens. A German firm had been entrusted 
with the supply and construction of the plant, which was to have 
been finished by the end of 1914. Part payment had already been 
made, but the delivery of plant, wiiich had meanwhile been com- 
pleted, Could not be made, as war had broken out. On account 
of the increasingly serious lack of benzole, the company decided to 
complete the plant with their own resources. They entrusted the 
completion of the project to the engineers Bollard, father and son, 
who wore employed in their works ^at Barracaldo and Sestao. In 
November, 1918, the new works, which were planned for the pro- 
duction of benzole, na])hthalene, heavy oils, ammonium sulphate 
ard ammoniiiTn chloride, were started. The annual production 
of first (piali^^y benzc'iie is about 700 tons, ar^d that of naphthalene^ 
about 140 tons. In spite of difficulties in the coal supply, Barracaldo 
and Sestao produce 300 tons of ammonium sulphate per annum, 
which could be increased to about 400 tons under more favourable 
conditions ; laO kg. per day of ammonium chloride can be pro- 
duced. It is utilised in the works in the production of tin plate. 
At Barcelona, m the middle of 1919, tlie price of naphthalene was 
about 850 j)es. per ton, ammonium sulphate 1,500 pes. j)er ton, and 
ammonium chloride 2 pes. per kg. In B)18 the j^ric^e of ammonium 
sulj)hatc M^as 2,000 jies. ])er ton. 

Jn Spain fertilisers are nuvinly used in the cultivation of rice in 
the neighbour]jo(jd of Valencia. The annual requirements are 
60,000 to 70,000 tons of ammonium sulphate. Before the War 100,000 
tons of phospJiate were imported from Florida and 200,000 tons 
from Algeria ; the home production of phosphates amounted to from 
16,(K)0 to 18,000 tons of low grade ])r()duct. The whole of the phos- 
j)hate is converted into superphosjiiiate. At the close of 1920 the 
following maximum prices were fixed by the Government : super- 
])hosphate containing 13. to 15 j)er cent, of Hi-00 pes. per 

100 kg. at works ; 15 to 17 pcT cent, quality, 19-00 pes. ; 16 to 18 
per cent, quality, 20-25 pcs. The imports of Chile nitrate in 1913 
were 35,235tons ; imports of ammonium sulphate about 203,000,000 
lb. of which 55,000,000 lb. came from (Tcrmany and 117,000,000 lb. 
from England. In 1918 the imports of ammonium sulphate*' were 
only *270, 584 lb. 

At the close of July, 1920, when the German exchange was 
692-50, the following prices were paid in Spain ^ : — 


^ MetallbOrsef 1920, p. 1198. 
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Per 100 kg. 

Aqueous ammonia of commercial quality in ♦ 
carboys . . . . . . .170 pes. 

Ammonia of first quality in carboys . . 220 ,, 

Nitric acid, 40 degrees, best quality, colourless, 

in carboys . . . . . . ■ 140 ,, 

Ammonium sulphate, 20 to 21 per cent. N . 130 * 

Chile nitrate, 15 to 16 per cent. N. . . ,, 

Portugal. — ^The erection of carbide furnaces in Portugal is being 

considered. 2 

• Denmark. — There is so far no nitrogen fixation industry in 
Denmark, as the insufficient power resources of that country are not 
encouraging for the purpose. In 1919 a plan jvas considered of 
supplying Denmark with Norwegian electric j^ower on a very large 
scale ; this is perfectly feasible from a technical standpoint, by 
^means of heavy cables ^nd so forth. ^ 

Energetic attempts are being made to utilise the peat moors, 
which have an area of 3,000 sq. km. The number of mechanical 
installations for this purpose had increased from 57 in 1916 to 162 
in 1917, and during the same interval the amount of air-driod, 
machine-made peat increased from 22,000 tons to 56,000 tons 
(= 168,000 cu. m.). In 191 7-1 8 Government assistan^i " ‘is afforded 
to 225 works to the amount of 200,000 kr. At an average })rice f)f 
1 8 kr. per cubic metre of peat the mechanically gained ])eat alone repre- 
sents an output of 3,000,000 kr. According to otlu^r reports, ^ the 
total production of crude peat in Denmark in 1917 amounted to 
9-5 million tons of the value of 27-5 million kr. Favourable 
results have bt*cii obtained by the utilisation of ])eat mixed with 
various other fuels in locomotives. In 1916—17 the \ estre (^as 
Works at (\)pcnhagen commenced to admix their coni gas with pe‘.‘it 
gas. The gasification of a. mixture of 70 per cent, coal, and .30»f)er 
cent, peat proved unsatisfactory buG on th(* other liaiid, by filling 
the retort with 80 per cent, of ccml and 20 per cent, of 4 )eat from the 
municipal moor at Viksd, good results were obtained. Mixtures nf 
peat gas, coal gas, and water gas were also uscmI, in viewof thestTious 
scarcity of coal. In 1917 a method of driving Diesel motors with 
peat gas in place of oil, which was difficult to obtain, was developed 
at the large shipbuilding yards and Diesel motor works, A.S. Thir- 
meistqr and Wains at Copenhagen. On account of oil shor tage a 
number of Danish communities have convc’st/cd a ]K)rtion oP the 
motors in their electric power stations to work on ^ this sy.^ttm. 

> At close of 1920 !K) pcs. only. 

® Zeitach. f. angvu. Chem., 191.0, ii., lOo. 

» Chem. Ztg., 1918, p. 370. 
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Successful experiments have also been made by the Government 
on the j^roduction of peat charcoal by slow combustion. The 
charcoal which is so obtained is said to have a calorific value of 
6,000 calories, and to be very suitable for use in forges. So far there 
are no ])eat gas generators in Denmark with facilities for recovery of 
ammonium sulphate and otlier by-products. 

In kOlHU joint-stock company was in course of formation with a 
ca})ital of 800,000 kr., which proposed to 2 )roduce a higlugrade fuel 
of 4,700 calories value by Mailing’s i)rocess from sea-weed, by com- 
])ressiiig it into briquettes and drying rapidly at a high temperatuie. 
TJie sea-wec'd is found and gathered both on the Baltic and also in 
tJio Watten distrjet on the North Sea. The production of such 
briquettes from sea- weed is said to be no more expensive or com- 
])licat('d than from dry j)eat. 

In 1 01 8 pndiminary investigations for a project of manufacturing 
nitrate in Denmark began to assume a more definite form. Not only 
was such a-n ijistallation ])ro 2 )Osed by the A.S. Christiansholms 
Fabriker, of Co]K‘nhag(Mi, but a Goven'iinent (kmimission nominated 
for the purj)ose rcc(‘ived 86,000 kr. from the Danish Fertiliser 
Association for the erection (d an experimental works, on condition 
that the working (^osts should be covered by the Government- 
contribution. The (V)mniission therefore petitioned the Govern- 
ment for a subsidy of 20,000 kr. j)er annum for three years. 
IVeliminarv investigations were carried out by Raaschou and 
Mey(‘r at the Fojx'nhagc'j) (\>lyte(4inie. Such a plant has not yet 
be(ui erected. 

Conqwessed acetylene has b(*en us(h 1 considerably for driving 
vehicles, and ac-(‘tylene lighting found a wide field during the War. 
All tlie car])id(‘ was imj)orted from the northern countries. 

oThe industry of com])ress(‘d and liquefied gases is com2)aratively 
inijjortant in Denmark. In 1913, ^one works was producing carbon 
dioxide, and t,w() hydrogen and oxygen ; the total number employed 
was 30. and 435 tons of liquid carbon dioxid(\ 76 5 tons of oxygen 
(valued at 77,000 kr.), and 20-2 tons of hydrogen were produced. 
There were also im])()rt('d 4(b6 tons of carbon dioxide, and oxygen 
to the value of 31^,000 kr. The Aktieselskabet Dansk Jlt-og Brint- 
fabrik, of (V)penhagen, produces oxygen and hydrogen by the Linde 
])rocess. They had an ex})losion in March, 1915. They have a 
])raiw’h factory at A/vrhus. There are several artificial ice works. 
The Jydsk Jltfabrik A.S, at Horsens, in Jutland, which manufactures 
oxygen, welding * apparatus and auxiliaries, resumed operations 
in 1919. 

The inqx^rts during 1918 and 1919 were as follows : — 
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191S. 1910. 


Coal. 

1-75 million tons 

1-90 ufillion t:)ns 

Crude phosphate 

— 

35,098 tons 

Superphosphate 

— 

00,804 ,, 

Nitrogenous fertilisers. 

19,947 tons 

30,588 „ 

Synthetic nitrate 

19*0 „ 

•33-3 „ 

Chile nitrate 

no „ 

48,108 ,, 

Kainite 

508 „ 


Other potash salts 

33,809 „ 

107,090 „ 

Pofassiuni nitrate 

120 „ 

292 „ 


The total value of the imports of fertilisers was 78-3 million kr., 
and the value of exported fertilisers of Danish origin w as ()*13 million 
kr., and of foreign origin 0-87 inillion kr. The ipinual eonsum[)tion 
of earbide was 900 tons in 1913, and 2,200 tf)ns in 19U). 

In consequence of the absence of re'gular imj)orts of Chile nitrate 
aufl nitric acid, the ^^np 2 )ly of Denmark with f(‘rtilis(‘rs has been 
difficult since 1914. There was therefort' a good demand for ealeium 
nitrate and ealeium cyanamide from Swed(‘n and Norway, (.'hile 
nitrate was su])plied by fhe Danske Gbdningskom])agni and the 
Ostasiatisk Kompagni, of (V>j)enhagen ; the latter firm has r(*eently 
acquired a few Chilean nitrate* deposits. In the summer of 1910, 
there was formed an agricailtural oiganisatioi^ kiunj "s th(‘ “ Dansk 
Andels-Codningsforretning af 191(),” whieh ])roposed to su])ply its 
members with suffieienl quantities of Chile nitiate in 1917, but was 
unable to fulfil this ju’omise completely in eonse(jU(*nee of th(‘ jxditical 
situation. The following maximum j)ri(^es were fixed in November, 
1910 : 37 kr. per 100 kg. when sold direct to the purchaser, exrdusivo 
of transport charges and of an additicmal charge^ of 0*50 kr. if bought 
from stock. In 1919 the Governmejit graiited an imj)ort licem^e for 
(liile nitrate to the A.S. Dansk Svovlsyre and Superfosfatfa})rik, of 
Copenhagen, under the conditioji that their maximum sale,prici^ 
should be 55 kr. per 100 kg. gross, including sacks, f.o.r. or 
f.o.b. at j)ort of entry, including T kr. ])rofit for ^h(‘ broker. At 
the commenccmient of 1915 trading in ammonium sulphate iixnd 
other artificial nitrogenous fertilisers was forbidden for a lime until 
a general revision of the prewious regulations had Ixhui etfeeted. 

Until the autumn of 1910, carbide was im])orted quite regularly 
from Sweden and Norwuiy. Wheii, liowrver, the Norwegian works 
wer^ partially transformed for the profluction of ferro-silicon, and 
Sweden also only supplied half as much afs. formerly, as t Ik# home 
consumption increased, the sup])ly in Denmark, in which there are 
no carbide factories, became very poor. In ortler to meet the lack 
of lighting facilities, 10,000 tyns of carbide would have been necessary 
in 1917, wdicreas, in the winter of 1917-18, only 400 to, at most, 
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1,200 tons were available. The price per kilo was formerly 0*30 kr. • 
in 1917, in Ihe retail trade, it was at least 1*35 kr., and from June 26th, 
1918, 1*27 to 1*40 kr. according to the amount; the wholesale 
houses sold to the retailers at 1*17 kr. per kilogram in drums. Since 
November 1st, 1917, carbide could only be sold to users on pro- 
duction of a special j)ermit from the Fuel Control Board. 

Iceland is richer in water powers than the Danish mother 
country. The Fosseaktieselska])et Island intends, in accordance 
with the proposal it made to the Iceland Government in 1917, to 
develop the Sog Falls, the outhit of the Thingvalla-Vata, 45 km.’’ 
from Reykjavik, from which it intends to obtain 50,000 h.p., and to 
erect an atm(^s])herip nitric acid works for supplying the agricultural 
interests of Iceland and D(Mimark. A railway is also to be built, and 
the southern portion of the islancl is to be supplied with cheap 
electric power. The cajatal is mainly Danish. The new company 
also controls proprietary or utilisation rights in several otluT water- 
falls of Iceland, such as the Gullfos. Tlie Norwegian- Icelandic 
(Vunpany “ Titan,'’ mad(‘ detailed plans in 1918 for the dev(‘lopment 
of the Thorsaa River. ^ Along the banks of this river six power 
Stat ons are to be l)uilt, witli an estimated output of 1,114,000 h.p. 
A portion of the 2 )ow(T is to be su 2 ) 2 )liecl to Reykjavik. The con- 
struction of a railway to Reykjavik and the adjoining districts is 
also intended. Atmospheric nitric acid is to be j)roduced on the spot. 
The Titan (Jom 2 )any, in whicli the Norsk A.S. for Elektrokemisk 
Jndustri of ('hristiania is interested, increased its capital from 
4,000,000 to 6,000,000 kr. in 1919 ; this comi)any has great faith in 
the future of Iceland as an industrial country, which, however, could 
not develo]) its resources without external assistance. It remains to 
be seen to what ext(*nt tbe two neiglibcmring Icelandic companies, 
with nlans whi(;h are similar in many cases with regard to the con- 
struction of railways, overland conc^Nssions and so forth, will work 
together. In 1920 tiu^ town of Reykjavik decided to construct an 
electric power station on the Ellidarelf for an outjmt of 1,000 h.p. at 
a cost of 2,000,000 kr. 

Netherlands. — A domestic nitrogen fixation industry has not yet 
been developed in the Netherlands, but the jjreiiminaries for such a 
development are aln^ady there. 

The effect of the War on the Dutch chemical industry was. like 
that of a protective tarrll, and favoured develoi)ment to an extra- 
ordinary degree. The supjjy of capital in the form of new shares 
in tlie chemical industry of Holland between September, 1915, 
and September, 1918, amounted to 1,5,623,000 gulden, as against 
^ Frank, “ Tcchnik u. Wirtscliaft," 1919, p. (>.‘11. 
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20.000 gulden in the years 1912 and 1013. In the met^l industry 
these values were respectively 32,132,000 gulden and 0,716,000 
gulden. Under the circumstances, it is feared that when foreign 
competition is once more restored and when the War prices drop, a 
critical economic situation will arise. Various institfd ions have for 
their object the stimulation of the sale of domestic products ; among 
these may be mentioned the fairs at Utrecht and e/sewhere, the 
Maatschaippij van Nijverheid and Bureau voor Handelsinlichtingen. 
The assistance of the Government to Dutch industry is not desired 
m the form of a protective tariff, but rather by the reiiK^val of 
obstructive influences, by the construction of canals, tlie establish- 
ment of chambers of commerce, energetic repBCsentatioii abroad, 
and so forth. The high exchange value of the gulden facilitated 
the competition of foreign imports on the Dutch mark(‘t and 

^ simultaneously rendei;cd Dutch exports more diificylt. At the 
commencement of 1919 the Dutch producers of fertilisers were 
already complaining of the disadvantages of too large an im])ort 
of Chile nitrate. 

The nitrogen famine during the War was extremely serious. 
Before 1914 100,000 tons of *0hile nitrate and 40,000 tons of 
ammonium sulphate were im])orted annually. V ' tig the War 
practically all that was availalile was the small liome production of 
the gas works, amounting to about 4,000 tons of ammonium sulphate 
jier annum. The coal jiroduction of Limburg was scarcely utilised 
for the production of coke and by#[)roducts. It increased from 

1.873.000 tons in 1913 to 3,079,000 tons in 1917. TIk^ jirice in 1913 
was 8 to 10 guldens per ton, and in 1917 10 to 20 guldens per ton. 
The supply of coal is a monopoly. In 1917-18 the first coke oven 
battery was commenced in Tjimburg, and was to ])roduce, among 
other products, 135 tons of ammonium sulphate per month; aitdin 
1919 a company was founded Miith a^ capital of 4,000,000 gulden in 
order to establish coke ovens on, the Botterdam canaL known as t!ie 
Nieuwe Waterweg, which is a canalised branch of the Maas betwcAui 
Rotterdam and the North Sea. The Dutch Government is developing 
as far as possible the further extension of its coal mines and of 
transport arrangements for coal. It submitted to the Second 
Chamber in August, 1920, a credit advance for this purpose of more 
than ,30,000,000 gulden. The peat moors, which have an area of 

2.000 sq. km., have not yet been exploited clit‘mically. * 

Even if the production of the Limburg coke ovens, which was un- 
important in 1918, is included, only about 1-5 2)er cent, of the coal 
burnt in Holland in 1918 was aitilised with recovery of by-products 
Through the lack of cattle food, the quantity of farmyard manure 
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also diminished noticeably, and in peace-time about 20,000 tons of 
nitrogen were lost annually in this form. In the circumstances, 
it was only natural that the Dutch Ministry of Trade should have 
submitted to it a whole series of plans for the erection of a national 
nitrcjgen works.* 

At a meeting of the “ Landbouwbond ” of Groningen, G. J. van 
Hwuay, Professor at the Technical University of Delft and J. Vcr- 
heijen, cf Ecsendaal, a member of the Directorate of the North 
Brabant Electric Su2)j)ly Company, proposed the erection of a 
cyanamide works adjoining the central electric power station at 
Gertruidenberg. The annual production was to be 20,000 tons, and 
the cost was estimqted at 750 gulden per ton. It would have to be 
reduced, however, to 390 gulden per ton, in order that the product 
might c( mpete w^ith Chile nitrate. If the Dutch Grovernment took 
over the whole production for one year at 75}) gulden per ton, they ^ 
would have to find 7,200,000 gulden if they were to dispose of the 
product at 390 guld(‘n per ton. Moreover, the manufacturing risks 
of 5,000,000 to 6,000,000 gulden would have boeii borne by the State. 
If, on the other hand, the Government were willing to give a guarantee 
of a sale of the product at 750 gulden per ton, and of cheap fuel, then 
the company w/is ready to bear the manufacturing risks. A pre- 
liminary agreement was first concluded with J. Vcrlieijeii, by means 
of a Bill presented to the Dutch Lower House in 1918. The Dutch 
Nitrogen Commission, to which, among others, J. H. Aberson, vS. 
Hoogewerfi, A. ter Horst, D. rKnuttel, J. C. A. Simon Thomas and 
G. H. V ooihoeve belonged, reported favourably o]i the actual pro- 
cess, but unfavourably on the economic basis of the project ; the 
Government rejected the project, in spite of the serious lack of 
nitrogen compounds, in view of the unlikelihood of successful com- 
petitive operation by tJje undertaking after the War ; it also refused 
to consider any similar plan. ^ 

Negotiatiofis wdth a syndicate which proposed to develop the 
I)Pocess of L. Hamburger proceeded more favourably. L. Ham- 
Injrger and Bucher, in America, j^roduce sodium cyanide and am- 
monia.’ A company was formed under the name of N.V. Stickstof- 
bindungsindustri Nederland, with a total capital of 10,000,000 gulden, 
of which 3,000,000 gulden were paid uj) on formation. The agree- 
ment between the Government and this company was ratified l;)y the 
ISecOLid Chamber in •I'OJS. The Government agreed to purchase 
definite quantities of fixed nitrogen over a period of six years at 
fixed prices, the ^ninimum being 2,500 tons, and the maximum 
5,000 tons. The Government also agreed to the following additional 
premiums ; — 



NETHERLANDS 


243 


Per 100 kg. 

For delivery of ammonium sulphate before Aprilf 
1919 6 fl. 

For delivery of ammonium sulphate from May 1st 
to August 1st, 1919 . ‘ . . . . 4 ,, 

For delivery of ammonium sulphate between* Sep- 
tember 1st and December 31st, 1919 . • 2 ,, 

An expert commission reported very favoura])ly on tlfe process. 
The erection of a works at Dordrecht was commenced at once. It 
was hoped that experimental working would be started in 1919. 
*The total production is intended to be 12,500 tons of ammonium 
sulphate in the first instancy in order to satisfy the most urgent 
requirements of Dutch agriculture. The capital*consists of 9,950,000 
gulden in ordinary shares and 50,000 gulden in 2 >referenco shares. 
On the formation of the company in 1918, the preference shares and 
2,950,000 gulden of the ordinary shares were })aid up. In the interval, 
experimental working at Dordrecht had given favourable results, 
and it is cx}iected that all remaining difficulties will soon bo over- 
come.^ 

L. Hamburger, of Utrecht, read a comprehensive i)aper on July 
13th, 1918, to the Dutch Chemical Society on the nitrogen question 
from the Dutch standiK)int. In 1919 the sub-coni mission on the 
nitrogen question of the ‘‘ Wctenscha 2 ) 2 )elijke Coimnissie van Ad vies 
en Anderzoek in het Belang van Volkswelvaart en-weerbaarheid ” 
persuaded the Dutch Minister of Agriculture to have investigations 
carried out by Director de Bruyne of the Kantoor vor Afval 2 )roducten 
voor den Landbouw, Botterdam, on the collection of fertilisers pro- 
duced from farmyard manure and j)eat litter. A ])ro 2 )osal of the 
commission was agreed to that the 2 >latiiium necessary for the con- 
version of ammonia into nitric acid should be acquired by the State. 

In 1918 six of the largest firms in the beet sugar industry divided 
to establisdi a works for the fixation 4 )f atmos 2 )heric nitrog(^n. In the 
first instance, 50,000 gulden »were contributed for this ])urpose. 
Similar 2 dans were entertained by tJie Naan\looze Vt‘nnootsclia2i 
Amsterdamsche Superfosfaat-Fabriek and the Vereenigde Chemisclie 
Fabrieken. The profits were to be divided aniongst the participating 
firms. The Su|)erphosj)hate Com 2 )any sinfultaneously increased its 
capital from 3,000,000 to 6,000,000 gulden. A 2 )art from sulphuric 
acid, and supcrphos 2 )hate, it has also 2 >roduced hydrocliloric and 
nitric acids since the outbreak of war. Tli^ Mij. van. Zwavelzuur- 
bereiding v.h.G.T.’ Ketjen en Co., of Amsterdanv manufactures 
sulphuric acid by both the lead chamber and the contact processes., 

1 ZaitacKf. angew, C/tem., 1920, ii., 404. 
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The main producer of ammonia and so forth is the N.V. Ammbniak- 
fabrick v.h. Van der Elst en Matthes, of Weesp, which produces 
crude ammoniacal liquor, pure aqueous ammonia, ammonium 
sulphate, ammonium carbonate and ammonium nitrate. At the 
exhibit of inorganic chemical preparations at the second Utrecht 
Fair in 1918 ^ ammoniacal compounds produced in the manu- 
facture of borie charcoal were also sho\\T:i. 

The Arnhem Gas Works manufacture many ammonia compounds. 
Until 1914 this works merely produced ammoniacal liquor and 
ammonium sulphate, but at a later date liquid ammonia for the' 
refrigerating industry was also 2 )ro(luce(i, for which pur 2 )ose the 
ammoniacal liquor /)f the works was supjdemented from other gas 
works. Ammonium chloride is also produced. 

Among newly formed comj)anies may be mentioned the N.V. 
Zuurstotf-Fabriek “ Do Allblas ” and the N.\. Acetyleeiigas Maat- 
scliap 2 )ij ; it was also intended that a carbide works should l)e 
erected near the Limburg colliery (191 8). Before the War, in Holland, 
100 kg. of carbide cost 18 gulden, whilst' in 1918 it cost 1*3 gulden 
per kilogram. 

It was stat(‘d in the Englisli House of Commons in 1917 tliat the 
total annual im 2 )prts of fertilisers into Holland in the years 1911-13 
averaged 1,301,000 tons. After deducting tlie re-exports, there 
remained, on an average, 556,000 tons ]jer annum for home con- 
sumption. The actual imports in 1910 were, however, 157,000 tons 
in all. The excess of iin j)orts ,iof the most im 2 X>rtant fertilisers in 


1912 and 1913 were as follows : — 

1912. 

1913. 


Tons. 


Chile nitrate 

74,406 

82,490 

Ammonium sulpliate . 

7,958 

12,475 

Guano 

2,344 

11,345 

Basic slag . . « 

105,485 

. 240,259 


The agreement concluded between thc‘ Netherlands and the 
Entente Powers provided for the following quantities of fertilisers 
for 1918-19 : 45,000 tons of Chile nitrate and 40,000 tons of crude 
phosphate. A comj)arison of these figures wdth tliose of the above 
table will show how j)oorly Holland w^as sup^died with fertilisers 
during the War.^ The imports of Chile nitrate in 1913 amounted to 
203,5^5 tons. 

An agreement was concluded in 1919 between the Dutch Govern- 
ment and the (Chilean Ministry of Finance, according to which the 

' Zeitach. f. angew. Ckem., 19l8, iii., 384-385. 

® Chem. Intl.y 1916, i>. 174. 
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nitrate producer, Don Jorge Sabioncello, sold 22,000 t^ns of Chile 
nitrate to Holland at a price of 135. 6rf. per cwt. The necessary 
transport was successfully found in Dutch vessels, and consequently 
considerable quantities of nitrate could be imported in the first 
quarter of 1919, amounting to 80,000 tons until tlie erlti of April. 
The freight rate was 59 to 75 gulden per ton. On July 18th, 1919, 
the Dutch Ministry of Commerce granted free tradiflg facilities in 
Chile nitrate, calcium nitrate, cyanamide and foreign ammonium 
sulphate. On January 1st, 1920, 27,000 tons of Chile nitrate were 
Available from the Kunstmestcommissie (Commission for Artificial 
Fertilisers). During the next few months a further 50,188 tons were 
imported, so that at least 83,188 tons were available for the spring 
manuring of 1920 alone, compared with a consumption of only 
100,000 tons per year before the War. The imports increased still 
further, and in the aiimmer of 1920 had already exceeded 125,000 
tons. The price of Chile nitrate had dropped. On the Rotterdam 
Exchange it was 60 to 62 gulden per 100 kg. on March 15th, 1920, 
only 20 gulden on May 18^h, 1920, and 18 to 20 gulden on July 6th, 
1920. 

In 1919, under the leadersliip of the N.V. Ammoniak Fabriek 
voorheen Van der Elst & Matthes, a number ()f*T>i<ch municipal 
gas works combined to form an association for the sale of ammonium 
sulphate, which controlled 85 per cent, of the Dutch production. 
Sales were conducted by the new Verkoopkantoor voor Zwavclzuren 
Ammoniak in Amsterdam. There ant' no exports. The market price 
is about 34 to 35 gulden per 100 kg. 

The j)rices 2)er 100 kg. in Rotterdam on July 1st, 1920, were as 
follows : ammonia, 18 to 20 gulden ; calcium carbide, 20 to 22 
gulden ; potassium cyanide, 235 to 275 guldeji ; sodium cyanide, 
200 to 225 gulden ; sulphuric acid of 60 Be., 13 to 14 gulden. « 

Russia. — As this country has, i[{)r the present, no large nitrogen 
industrv, it is entirely dtq)endtjfit on imports, on amyionia from coke 
ovens, and on its natural resources. Thert** are small nitrate deposits 
in the Altai Mountains, Siberia, at Jalutorowska, Siberia, and near 
the Urmia Lake in Persia. At the last locality about 32-8 tons of 
nitrate were obtained in 1915—16, of which half had to be supplied 
to the Persian Government Arsenal. Before the War 30,000,000,000 
roubles were invested in industrial undertakings, which had an out- 
put value of about 7,000,000,000 to 8,000,090,000 roubles p«r year 
and about 3,000,000,000 roubles were invested in chejnical industry ; 
the number of workjx^ople employed in this indtistry doubled during^ 
the War, and was then about 400,000. 

The imports of Chile nitrate into Russia in 1913 were 43.359 tons, 
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but after tlyi outbreak of war importation became very difficult, as 
the only available harbour for imports was Vladivostock. In the 
spring of 1915 the stocks of Chile nitrate were 80 per cent, less than 
in 1913, and 444 per cent, dearer. At that date superphosphate had 
increased in price by 93 per cent., potash salts" by 27 to 35 percent., 
and lime by 40 ]>er cent. The price of ammonium sulphate alone had 
dropped, ‘as it could not be exported. After the autumn of 1917, 
phosphate, lime, Chile nitrate, calcium nitrate and ix)tash salts 
vanished com2)letely from the market. The domestic production of 
phosjihate in 1913 was 11,200,000 pud, and in 1916 3,500,000 pud’ 
(1 pud := 16-3805 kg.). The imports in 1913 were 23-2 million pud. 
The imj3orts of jiotash salts in 1913 were 5,000,000 pud. In the 
Moscow district at tlie commencement of 1917 100 kg. of nitrate 
already cost about 6() marks, compared with 24 marks in 1914. 
The eliemical^works then demanded free imports for their require- 
ments, and established a special buying orgajiisation in CMe. In 
1916 tlie Russian Government seized all shipments to Vladivostock, 
paying about 300 marks i3er ton for refiiicd nitrate, and 240 marks 
l)er ton for crude nitrate. The only quantities exempt from seizure 
were those which had been unloaded in London witli permission of 
the Russian Gove«rnment ( bmmission. Large de])osits of phosphorite 
have been found in the Governments of Perm and Kostroma. In 
1916 the production of nitrate in Russia was 300,000 jmd. 

In spite of the very greatly developed coal production and the 
fairly important lu’oduction of <K)ki‘, there was already a shortage of 


ammonium salts in 1915. 

The production in 

thousands of tons was 

as follows : — 

(bal 

( ^oke 


Production. 

Production. 

1 855 

1,557 

— 

1895 

9,099 

— 

1900 

. J6,157 

2,244 

1905 

. ' . *18,688 

2,301 

1910 ’ . 

. *23,927 

2,750 

1913 . 

. 30,745 

3,816 


There are in Russia 380,000 sq. km. of j^eat moors, but the peat 
industry is still in a most primitive condition. J^arts of Southern 
Russia are very rich in natural gas resources. The gas contains 
93-66 2)er cent, of CH4 ; 0-2 per cent, of CO ; 1-08 jjer cent, of .Hg ; 
1-10 jXr cent, of Og ; 3-«35 2)er cent, of COg ; 0-61 per cent, residue ; 
the calorific value is 8,969 cals. j>er cu. m. Hitherto the gas has 
been scarcely used fbr purposes of chemical industry, nor have the 
*water-j)owers in the mountainous diijtricts been utilised. Quite 
recently the organisation of power resources has become important. 
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In 1919 the Omsk Government authorised the exploitation of the 
combustible mud of Lake Schiwakisch. This mud is staled to yield 
tar, cyanide, ammonia and other products on gasification. A number 
of works were to have been erected in 1919. The A.G. J^erun, among 
others, possesses carbide furnaces. • 

In 1917 a company was formed in Pctrograd in order to erect an 
atmospheric nitric acid works in conjunction with the<Nor§k Hydro, 
utilising.the Birkeland-Eyde process. Subsequent political develop- 
ments prevented the execution of this project, but duri ng 1 9 1 9 and 1 920 
•the plans were reconsidered. The Supreme Industrial (commission 
decided to erect several works for the production of nitric acid. The 
first of these works was said lo have progressed so far at the com- 
mencement of 1920 that it could start manufacture. TJiis works 
is expected to produce at least 16,000 to 22,000 kg. of nitrate 
annually. In other respects the Soviet Government has favoured 
the develoj^ment of chemical industry ; thus the Supreune Industrial 
Commission proposes to devote special attention to the erection of 
phosphoruis works for the manufacture of matches. In 1913 43,359 
tons of Chile nitrate were imported. 

The Russian Government Department for Mineral Fertilisers was 
able to supply the following quantities in 1917 : 

1,000 tons of superphosphate from Ochta, 

1,000 tons of superj)hosphatc from Samara, 

2,500 tons of superphosphate from Vladivostock, 

900 tons of ammonium sulphate, and 
200 tons of Chile nitrate.* 

In the same year lectures were given on the use of artificial fertilisers. 

In 1919 the Agricultural Section of the Central Advisory Board 
of Experts carefully investigated the question of t he siip])ly of Russia 
with nitrogenous fertilisers. It came to the conclusioiC that ll^issian 
agriculture could not reckon op a supply of nitrogenous ftTtilisers in 
the near future, as Russia had no atmospheric nitrogen industry 
(the establishment of which was strongly recommended), and as, 
moreover, the German prohibition of exports was still in fc'rce, and 
finally the extremely difficult transport conditions i)revente(i the 
importation of Chile nitrate through Vladivostock. It is said 
that there are still old stocks at that port. Norwegian imports 
coijd not be relied on, on account of the high price and the relatively 
small quantities which could be obtained Jrom that sources The 
Committee advised the careful exploitation of available nitrogenous 
l)roducts, such as stable manure, peat and industrial by-products, 
the encouragement of the cultivation of nitrogen -fixing leguminous 
^ Zeitsch. f. angew. Chem.y 1919, ii., 402. 
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crops, and the rapid development of industrial methods of the pro- 
duction of nitrogen compounds. Among these most weight is laid 
on coke ovens, gas works, gasification of peat and so forth. Among 
methods of fixation of atmospheric nitrogen, the most valuable was 
considered to be a process of Professor Meinet, which is said to be in 
ojK'ration at the Skoda Works in Pilsen. A commission was estab- 
lisljcd in J91t, to study this ])rocess on the spot. 

The Reports of the U.S.A. Bureau for Internal and -External 
Trade are of very great interest, being written from the standpoint 
of a future economic penetration of Russia, which was first planned 
by Vanderlip in 1920; — 

“ Russia possess^\s enormous b(‘ds of j)hosphorite, but the mineral 
is not of high quality. Before the War 300,000,000 pud of iron were" 
]m)duced, and a somewhat smaller quantity of coke. If the output 
were increased by 1,000,000,000 pud, 6,0O0,0Q0 pud of ammonium 
sul])hate eoulA be obtained as a by-product. Tn European Russia 
alone there an^ 17,000,000 desjatines of j)eat moors (1 desjatine == 
a|) 2 )roximately 1*09 hectares). By gasifying peat, cheap 2 )Ower-gas 
and ammonium sulphate could be obtained. It is calculated that 
5,000 desjatines of peat moors, 2 to 3 m. thick, would yield 
24,000,000 pud o^' ammonium suljdiate and about 1,500,000 hq). at 
I to \ kopeck. 

“ One ton of dry 2 )eat is said to yitdd 2 to 2i ])ud of ammonium . 
sulphate. A combination of the (Wo process with the Gering- 
Viland process, in which tar aijd ammonia are obtained as by-pro- 
ducts in the manufacture of coke from peat for metallurgical pur- 
])oses, would f^npply Russia with cheaj) power in such quantities that 
its cm])loyment might be considered for the manufacture of nitric 
acid from air, of calcium carlade, aluminium and wood-jDulp, and for 
the dpvelo})m(‘nt of a wood -])ro duct and metallurgical industry. 

“ A w orks lias been erected for thq j)n)dnction of nitric acid from 
the air, on the KiwWsch Falls of tlu^ Suna River, at which 25,000 h.p. 
ar(‘ available, the output caj)acity being 400,000 pud of nitrate. In 
order to produce 24,000,000 2 )ud of nitrate, it would be necessary to 
have ])ow^cr stations of 400,000 h.p., which could easily be supjdied 
with the necessary water 2 )ower from the falls in the Altai, in the 
Caucasus and in the Murman territory. At a later date further 
industries will probably be develoj)ed, the products of which were 
imi)orV^d into Russia on n large scale before the War : — 

i 

“ (1) Calcined soda ; of which 200,000 pud were imported from 
' Germany and England before the War. 

‘‘ (2) Artificial carbon and graphite. 
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“ (3) Aluminium (of which about 300,000 pud were imported before 
the War). 

“ (4) Magnesium, sodium and phosphorus. 

“For the i)roducti®n of these products on a sufficient scale— 
namely, 500,000 pud of calcined alkali, 1,000,000 pud of artificial 
carbon and graphite, 10,000 pud of magnesium, 5,000 p*i(l of sodium, 
and 7,00j^ pud of phosphorus — -power stations of a total output of 
470,000 kw. would be required, of which 300, 000 kw. could be 
obtained from 1,500 to 2,000 desjatines of peat and 170,000 kw. by 
the development of water powers. 

“It is evident that all-in-all gigantic economic (levcloj)nients arc 
possible.” 

Finland. — More than 12 per cent, of the surface of this country 
is occupied by lakes, the large number of which have caused it to 
be called the “ Land of the Thousand Lakes." Uncler these cir- 
cumstances the mountainous portions of the country are naturally 
rich in watjr }joWers, The important Imatra Falls are situated at 
the point where the Saima River j)enetraU‘s the Salpausselkii 
Ridge ; these falls are connected with Lak(‘ Ladoga hy the Vuoksen 
River. The total area of the country co7npris(‘s hi 2 sq. km., 
of which 47,821)*3 sq. km. are lakes, and 05,000 sq. km. are 
moors. 

In 1018 the first ap])lication w^as made for a concc'ssion for the 
establishment of a large power statjon at the* Imatra Kails. The 
earlier projects estimat(‘d the cost of this pov er station at 25,000,000 to 

30.000. 000 Kinnish marks, but in 1018 it was estimated at 100,000,000 
marks. The height of the falls is 21 m. at some ])oints. Tt w^as 
originally intended that the power station should .sup[)]y the town of 
Petrograd, but the ])re.sent project is that 1 18,000 h.p. at the tmbine 
should be. utilised for the establishment of a national nitrogen 
fixation works. In 1918 the cost ]>er*horse-power year was estimated 
at 100 Finnish marks, and tfie total return, th(‘refore, at abput 

10.000. 000 FiTinish marks. Tt is said that 500,000 h.]). are obtain- 
able from t*lie Vuoksen Falls. The water j)ower of the IvymmeiUNilf 
is already partially exploited. 

J. Palmen read a compndiensive pa})er on the nitrogen |)roblem 
before the Finska Keminstsamfundet, Helsingborg, on October 9th, 
1918* based on the report of Charles L. ITtysons to the An^^^rican 
Government.^ In, the subsequent discu.ssion Asehan stated that 
during his visit to Germany he had lu*ard that the Hal)er-Hos(‘h 
l^rocess was the most promising, and that at that time the * 


1 Chevi. Zig., 1919, p. 403. 
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American cyanide process was quite unknown. It was decided to 
recommend the latter to a private undertaking in Finland, and in 
any case to experiment on it in the central Finnish laboratories. 
German capital was to be utilised for the erection of a works 
using the Habef -Bosch process, and this workM was later to be placed 
under Government control. It was decided to despatch a com- 
mission tor the study of nitrogen j)robleTns to Sweden, Norway and 
Germany, and to form a committee which should concern itself with 
the^ question of tJie supply of nitric acid for the Finnish explosive 
industry. Finnish professional circles then established contact witli 
the German nitrogen industry. 

The manufactu:V<^‘. of carbide'- is carried out by the Elektrometal- 

lurgiska Aktiebolaget at Vuoksenniska and Nokia. The product is 

utilised by the very ra])id]y growing acetyle'iie lighting industry. 

The whole carbide trade is in the hands of the' Jarnkontoret A.B. in 
« ^ 

Helsingfors. 

Timber w'as formerly tlie most imj)ortant Finnish export, and the 
Finnish timber industry, which formerly earned about 400,000,000 
Finnish marks annually, suffered seriously through the War. In- 
creas(’d attention has beem devoted to the utilisation of the peat 
moors. The manufacture of powde^rexl ])eat has once more been 
taken up. Good results were ol)taine(l in the utilisation of peat as 
a fuel for locomotives in 1914™! 5, and the product of the powdered 
peat works at llichiinjaki had been permanently introduced for the 
purpose. The Finnish new{=i])aper, Jeknillmen Aikalcmislehti, of 
Helsingfors, iniblished a special number in 1920 on the peat fuel 
industry. 

An announcement was made on October 4th, 1919, that Chile 
and Norway nitrate, ammonium sulphate, ])otash fertilisers, cyana- 
rnidQ and other products could be im]K)rt€'d duty free. 

The moors of Latvia and Lithuania are quite important, and com- 
prise 3,840 sq. ,km. of a total area of 47,000 sq. km., but their total 
arcu is very much smaller than that of the Finnish moors. In 
Esthonia ^ the English Carboyl Syndicate proposes to develop the oil 
shale at Wannamois on the Padda River. 

In Bulgaria carbide and artificial fertilisers are manufactured a 
Peruschtitza. 

On the basis of the estimates given in the preceding chaptei;s, we 
have ^compiled the following table on the output capacity of the 
plants in the yarious European countries in 1919-20 (the figures are, 
of course, only appi:t)ximate) : — 


1 Chem. Ind.. 1921. p. 76 
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(n) Germany . 

(/>) Nfirway . 

(r) Sweden 

(d) Switzerland 

(e) France 
(/) Great Britain 
({/) Belgium . 

(A) Italy 
(i) Holland . 

(k) Austrian Suj'ces 
sion* States . 

(l) Remaining coun 
tries of Euroi^e 


Total , 
Nitrogen content in 
tons of Nitrogen 


( 1 ) 

2 


£ ^ 


a 


600,000 i 

250,(K)0 I 
75.000 I 
:io,ofM^ I 

300, 0(M) I 



10,000 

76,000 

10,000 


70,(K)0i 25,000 ' — 

— -- 12,500 

! 

75,000 i 15,000 ! — 

_ i _ I. _ 

! 

1,300,(XK) 1 291,000 | 27,500 
200, (XX) 50, (XX) 5,.5rK) 


5,to00 


3,tK)0 


(«9 

3’ 




M 

^ a 


750,000 


I (7) 

c 

I 

*0 

1 a 


311,100 

78,026 

10,000 

7,700 

88,(KX) 

78,358 

8,000 

18,325 

2,500 


— ; 17,600 


35,000 


8,000 I 750,000 , 
1,700 I 150,000 


Total, in Tons of IJixed Nttrookn 


()61,200 


For causes which we have repeatedly discussed, ouiy one-half to 
one-third of this quantity was actually produced in 1019. We 
must, however, add about 12,000 tons of cyanide, ferro-cyanide, 
etc., from spent oxide, etc., equal to 1,700 tons of nitrfigen, scxthat 
a total nitn)gen output of 662,900 tyns annually is obtained. 


Supplement, 1921-24 

Belgium. — For the present, by-i)roduct coking is alone of import- 
ance. The average monthly production for-19i;< was 1,90.3,460 tons 
of coal, 293,680 tons of coke, and the average monthly production 
in 11122 was 1,769,514 tons of coal and 22.6,624 tons of coke. The 
output of ammonium sulphate from the cokti ovens was 22,696 tons 
in 1914 and 9,048 tons in 1920. The production capacity m 1920 
was only 25,000 tons. The imports were 10,569 tons of Chile salt- ^ 
petre, 19,977 tons of calcium, nitrate and 33,493 tons of ammonium 
sulphate (Cliem. Ztg., 1922, 500; Chem. Ivd., 1923, 481). The 
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Ougre-Mar,Jhaye Blast Furnaces, founded in 1923, in association 
with the French (^^lande (Jo., the Societ6 Beige de L’ Azote in order 
to erect a (Jlaiide ammonia j^Jant. 

Italy. — The main feature of the nitrogen industry is the produc- 
tion of calcium cyanamide, which achieved maximum annual pro- 
duction of 75,000 tons and is carried out in the works at Piano d’Orta, 
Collestatt, I^apignano, Narno, St. Marcel and Ascoli Piceno. A 
further plant is being erected at i)omo d’Ossola. •* 

1 3,000 tons of ammonium sulphate are produced, and a production 
of a. further 5,000 tons is in view, of whicli 2,500 tons will be 
luoduced by the', (-asalo and Faiiser pj-ocesses. 

In 1922 there were also produ(;ed 40,000 tons of calcium cyanamide 
50,000 tons ammonium sulphate, and 1,000 tons ammonium nitrate. 

Tlie development of the synlhetie*- production of ammonia by the 
processes of Cbacomo Fauser and of Imigi (Jastfle are very important, 
the former b(‘ing undertaken by the Societa Elettrochimica Novarese. 
This (H)mpany makes use of 97 to 98 per cent, nitrogen, as obtained 
from nitric acid a])sorption towers and electrolytic hydrogen. One 
ton of ammonia is produced per day. An increase in the plant to 
employ a further 8,000 k.w. is planned. 4 new plants arc' being 
erect(‘d at Sedico Bril)an(), at Belluno, lu'ar Meran, utilising power 
from the Etseh, and at Firso, in Sardinia. Plants using the 
(^asale process were erected at Bumianca and at Terni in 1920 by 
Soc. Ita liana Ammon -Sinlectica. Licences have been granted 
through the Ammonia (-asji4e (^ompany at Avignon, France ; 
Sabinanigo, Spain ; Nobloka, Japan ; Niagara Falls, U.S.A. ; Visp, 
Switzerland {(Vtein. Z(g., 1923, 804 ; Meiallhdrse, 1923, 2073). The 
Azogeno-Soci(‘ta-Anonime per la Fabbrication dcirAmmoniaca 
Sinte^ctica el Prodot ti Derivati operates the Claude process. 

Th(* w^orks utilising tlie arc process at Legnano and Ponte Mam- 
in olo have closed. , 

The 17 carbide works suffered ip 1923 through over-production. 
In ‘1915 there were only 4 such works. 

Spain.— (7/ cm. ZUj., 1922, 548; 1923, 382, 405; Meiallhdrse, 
1923, 2073. A Claude plant is being erected at Flix, which is to 
produce 1 ton of ammonia per day. A Casale plant has been com- 
pleted at Sabinanigo. 

Portugal jiroduced 13,000 tons of ammonium sulphate in«1913 
and oVdy 30 tons in 191f). 

Denmark.— A commission was formed in ftiis country in order 
^ to investigate the conditions for the establishment of an internal 
nitrogen industry, but the economic conditions are unfavourable 
{Chem, Ztg., 1921, 196 ; 1922, 1120). 
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Holland has recently successfully established the synthetic 
production of cyanamide. N.V. Stickstofbindingsindusfrie Neder- 
land, was founded in 1918, and operates according to a process 
devised by L. Hamburger (Chem. Ztg,, 1922, 124, 700 ; Cheyn, Ind., 
1923, 69). 

Russia. — The production of coke in the Donetz Territory has 
developed rapidly since 1915. In the Donetz region the production 
of benzole was 12,500 pud in 1913, and 1-04 million pud in 1917 ; in 
191 9 a production of 2,000,000 pud might have been expected. There 
^re 17 coke-oven batteries, comprising 1,912 ovens, which work 
without by-product production, and 22 batteries, comprising 
2,000 ovens, with by -produel production. 2 works were in- 
complete, 3 have Valentiner nitric-acid plants, and 1 is arranged 
• for oxidation of ammonia by the Ostwald process, but the 
^platinum has been sU)lon. The effects of the llevolution were 
extraordinarily severe. Whereas 34,750,000 tons of coal were pro- 
duced in 1913, only 9-643 million tons were produced in 1922. To-day 
the industry^is organised into numerous trusts, in whicfi the State is 
interested, which, for examjjle, receive payment in wheat for tiie 
nitrogenous manure which they J^u])pJy to the Agricultural Kc-onomie 
Groups. The Trust controlling coke and beii/.oh* \\a ' ' ly operating 
5 plants during January and Feluuary of 1923. The Ural Nitric 
Acid Works are stated to have produced 23,000 puds in 1923 {Chem. 
Ztg., 1921, 297/8; 1922, 415, 691, 1010/J ; Mefallhonse, 1923, 22, 
204, 360, 1079, 1914). 

Finland.--ln this country the Electrometall A.G. V'uskseniska 
produced small quantities of carbide {Chein. Ztg., 1921, 1064 ; 1922, 
111, 635, 720). 

Roumania.- -With the help of power d(‘rived from natural gas 
containing 99 per c(uit. methane, cyanamide* and nitric acid arc^i>io- 
dueed at l>ieio-8an-Martin (Cheyi. Zentralb., 1922, ii., 26). 

Europe. — On comparing the statistics of the National Institute 
of Agriculture at Rome (CJienf.^Ztg., 1922, 691), with the figureii,of 
the author, a production for 1920-21 is arrivenl at of 350,000 tons of 
fixed nitrogen per annum, the greater, part of which consists of 
ammonium suljihate ; tlie substance second hi importance is calcium 
cyanamide. 



CHAPTER XI 


The Development of the Nitrogen Industry in the 
United States of North America ^ 

In respect to water-power resources, the United States surpa^ 
all other countries. The great falls of Niagara have served the 
electro -chemical industry for a conshlerable time. The first power 
station at Niagara" was built in 1894. The eastern part of Niagara 
Falls, the American or Fort Schlosser Fall, is 326 m. wide and 47 m. 
high in the centre, whilst the western, Great or Horse-Shoe Falls, 
are 574 m. wide and 44 m. high. It is estimated that the total amount ^ 
of water passing both falls in one second is about 6,000 cu. m. It 
is assumed tliat were Niagara totally utilised, 7,000,000 h.p. could 
be obtained. At present 265,000 h.p. are developed on the American 
side and 388,500 h.p. on tlie Canadian side. In order to preserve the 
natural beauty of the falls an agreement was concluded in May, 
1910, between the United Stat('s, on tlu‘ one hand, and Canada and 
Gn^at Britain on the other, that the United States might employ 

20.000 cu. ft. (560 cu. m.) per second, and the Canadian works 

36.000 cub. ft. (1,019 cu. m.) of water j)er second for power 
production — that is, a total o¥ 26*4 per cent, of the flow. As the 
former Burton Law only allowed 15,600 cu. ft. (441*5 cu. m.) 
to ])e removed per second from the American side, the industry 
aj)proache(l the Government during the War with a view to obtaining 
a concession for the remaining 4,400 cu. ft. (80,000 h.p.) which 
hadMiitherto beem refused. 

At the Falls the vertical shafts, ’which are driven by turbines at 
the bottom, are connected above with cylindrical current generators. 
TJie cheap electric energy from Niagara Falls enabled C. G. Acheson 
technically to develop his graphite process and Willsomto erect his 
first carbide furnace, which required only 200 h.j). All the products 
of large-scale electro -chemical industry are now being produced 
at Niagara Falls. 

The total available energy on the St. Lawrence River a’t low 
water is 1*8 million h.p. 

In the United States there were 5,221 electric power stations in 
1912 and 6,541 in 1917. Their total revenue in 1917 was $527,000,000 

^ See especially Journ. of Ind. and Eng. Chem., 1919, ii., 231 ; Chem. Ind., 1919, 243. 
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and their expenses $427,000,000. The power output in 1917 was 
12-8 million h.p., of which 8>4 million h.p. were obtainec! by .steam 
and 4-4 million h.p. from water power. The average horse-power 
of steam engines increased from 334 h.p. in 1907 to 631 h.p. in 1912 
and 1,124 in 1917 ; 85 per cent, of the total electric power is developed 
in public jrower stations. In utilising electric power plants, if the 
annual power factor is increased to 90 or more per centu, thje power- 
costs are Korrespondingly decreased. In Germany there arc very few 
plants with an annual power factor of 70 to 80 per cent. ; in 
North America, however, tlie power factors are as follows : — 


Annual Output in i’owcr Factor. 

K w.h. • ; Per cent. 


Ni^t-gara Falls Power (\)mpany 
Ontario Power (Company 
Toronto Power Coin 2 )any . 


2 , 000 , 000,000 

1,000,000,000 

900,000,000 


92*2 

81-9 

81-9 


In 1918 an overland transmission line of aluminium, 90 km. 
long, was removed by the Montana Power Com 2 )any and replaced 
by copper mains. Tlie aluniiniiim cable hat! been v for fifteen 
years. Too many re 2 )airs had, however, i)eeii necessary, due to the 
properties of aluminium. Aluminium is softer and weaker than 
copper, and.tlie metal is therefore easily damaged, es23ecially at the 
2 ^oint of junction. Aluminium has a low melting- 2 >oint, burns readily, 
and is therefore very much more liable to injury by short circuits 
or by lightning. Wlum attaching aluminium cabl(‘s to sus 2 Dension 
insulators, the effect of wind must be considered, as it often causes 
dangerous oscillation of the light cable. Danger of fire and to 
human life is considerably greater in the case of aluminium cables 
than with .co2^2^^^i‘ cables. ^ 

American water 2 )tHvers are bein| very rapidly develo 2 )ed. It is 
even feared tliat the sup2fiy of J)ower will be excessive when nor^;:ial 
conditions have been restored, and the em 2 )loyment of this power, 
more particularly for increased 2 >roduction of nitrogen com2)ounds, 
has been considered. 

E. J. Pranke, of the American Cyanamide Com 2 )any, has pub- 
lished several comprehensive 23apers on the development of individual 
branches of the American nitrogen industry^ ^ Processes of ^jianu- 
facturing nitric aojid from Chile nitrate have been so perfected 
,that an average nitrogen yield of 92 to 94» j)er cent, can be 

^ J. Ind. Eng. Chem,, 1918, p. 8a(/; CJiem. Trade Journ., 1918, p. 341 ; Chem. Met. 
Kng.y 1918, j). 395 ; Ckcm. ZenlraWl.f 1919, ii., 243, 059 ; iv., 72. 
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relied on, as against 78 to 80 per cent, formerly. The method of 
heating tiie retort has been considerably improved. In place 
of retorts and condensing plants of stoneware, ferrosilicon alloys, 
such as duriron and tantiron, arc now employed. In 1913 there 
were manufactured in the United States about 89,000 tons of acid, 
calculated as 100 per cent. HNOq. The raw material was exclusively 
nitrate, the experimental plants for production of nitric acid from 
the air then played no serious part. During the War the production 
of nitric acid by the oxidation of ammonia alone amounted to 

225.000 tons of 100 per cent, acid per year, in addition to which a'' 
further 650,000 tons of 100 per cent, acid were obtained from Chile 
nitrate. E. J. Pranhe ^ estimates the world's production of cyan- 
amide at 270,000 tons, of which 64,000 tons were manufactured at 
Niagara Kalis. Jn 1916 the military autliorities estimated the 
minimum amount of nitric a(‘id whicli the United States would 
re(piire for th(‘ir own consumption in ease of w ar at 180,000 tons of 
concentrated acid. Jn order to ])roduce this by the an; processes, 

540.000 h.p. would be required, whereas in order to produce the 
same amount by tli(‘ evanamide process (with conversion into 
ammonia, wdiich is then oxidised t() nitric acid), only 100,000 h.p. 
would be required. Before the War, in the United States, 85,000 
tons of nitrate ajinually were used in the f(Ttiliser industry, and 
about 20,000 tons for nitric acid manufacture. On the other hand, 
the nitrogcui demand for 1920 was estimated at about 210,500 
tons of nitrogen. Of this, /<4,000 tons could be sujqdied by 
by-])roduct coke ovens, and 37,650 tons by the nitrogen jdant at 
Musc'le SJioals. The remaining 88,850 tons of Jiitrogen must be 
imj)orted. Since 1914 the American CJienii(;al Society rej)eatedly 
investigated nitrogen problems in detail at their meetings. It w'as 
realif^;d in America that the f(Ttiliser industry is the backbone of 
the question of nitrogen fixation, as,^the large demand for military 
pur])(ises cannot be normal. Colve-oven ammonia is considered as a 
standard in (;onsidering the* economic status of the sjnithetic pro- 
cesses. In order to be technically succ(‘ssful, a nitrogen fixation 
process must be able to sujiply potassium nitrate, ammonium nitrate, 
or ammonium j)hosphate at a reasonable price. 

Before the War American agriculturalists used far too little 
fertiliser, as was clear from the steadily increasing figures for, the 
impoivs of food siipplie,s‘and their rise in price. The priees of food- 
stuffs increased by 80 per cent, between 1896 aiida912. In Germany 
the average crops from any given area have increased by 50 per cent. • 


’ J. hid. Kilt). Cliem., 1914, p. 41, 5. 
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during the last twenty years, whereas in the United States »they have 
increased by only 20 x)er cent. 

American expert circles always expressed themselves in favour 
of the production of ammonia, including the preliminary stages of 
the production of cyanamidc and cyanide. Under American con- 
ditions arc processes must be restricted to the manufacture of nitric 
acid, as the production of nitrate could not pay. On the other hand, 
any quantity of nitric acid can be obtained from ammonia, by the 
catalytic oxidation process. In America the main part in synthetic 
processes is played by the cyanamide process, if only for the one 
reason that its primary j)roduct can be utilised directly without 
further transformation, whilst it readily yields eanmonia, urea and 
cyanide. 

Naturally, the utilisation of cyanamide as a fertiliser has been 
, assiduously studied. J'ortiliser experiments (for exafnple, at the 
experimental station at Kothamsted, England) have always proved 
favourable. The objections which have been made to the use of 
cyanamide are mainly the following : — 

{a) Carbide contents, 

(/>) Nitrc'gen loss on storage, 

(c) Uusting. * 

The carbide contents are reduced to a very small amount, both 
in American^ and German works, by treatment with water. The 
alteration in weight on dry storage, ^according to American deter- 
minations, is, on the average, tmly 1 p(‘r cent, per annum, and the 
reduction in nitrogen contcnits under the same conditions only 
0-036 per cent. The caustic action on the skin through dusting can 
be avoided by smearing with fat, by the use of tightly closed dis- 
tributors, and by avoidance of indulgc'iicc in alcohol. American 
sources do not report on oiled cyanamide, which is recommended by 
the German works, ^ but, on the other hand, they em})hasise tlic fact 
that they could not introtluce granulated, dust-free, cyanamide, dn 
consequence of its liigher price. »Spc*cial attention is also directed 
to the factHliat the results of small pot cultures do not always 
coincide with those actually obtained in practice in open farming. 
This is particularly true of mixed cyanamide fertilisers, wdiich are 
usually used too freely and then exert a, corrosive action, or (jften 
behave as organic nitrogen compounds, and, cannot be consijlered 
as equivalent to the usual inorganic fertilisers. It has also been 
Jlound in practice that mixed fertilisers ccntainir.g various nitro- 

^ Siebner, Unischav, 1920, pp. 488 et seq. 

* E. J. Pranke, J. Ind. JiJtiy. Chem., 1914, p. 415. 
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genous coiy pounds are superior to unmixed fertilisers in productivity. . 
The best mixture for American soil is 90 kg. of cyanamide per acre, 
or a corr(‘sj)onding quantity of mixed fertiliser, with occasional 
addition of otlier nitrogen compounds. For acid, light, sandy soils, 
112 kg. of cyaiVainidc per acre is recommended, admixed with lime. 

It is an acHiepted rule in Germany that cyanamide and super- 
ph()s})}iate slfould not be mixed, and that even admixture with basic 
slag should only be carried out immediately before distribution.^ 
In America, on the other Jiand/cyariamidt^ is almost exclusively used 
admixed with acid phos])}iate, and, in the case of sandy soil, admixed 
with a little basic slag. The following reactions then take place in 
tile soil : — € 

CaCNa + 2 H 2 O -- CaO + 00(NH2)i,, 

Cail4(F04)2 + CaO - 2CaHP04 + R.p. 

Thus, dio.ik'ium jdiosphate and urea are formed ; the latter is c 
th(‘n either immediately assimilated or n^acts witii the constituents 
of the soil to form only sliglitly soluble ammonium double salts, 
wliic'h are not rc‘adily washed away, and are therefore vV*ry effective. 
The constituents are mixed in the, right prof)ortions ; in the com- 
mercial mixtures there is only 3() to 68 kg. of cyanamide to 452 kg. 
of dry su2)erph(fsj)hate — ^that is, relatively small amounts of nitrogen ; 
tinis formation of phosp]uit(\s insoluble in citrates is not to be feared. 

A monocalciiim tetra-hydrogtai phos])hat(' is fornu^d, the phosphoric 
acid in which is conqJetely available. Wlaui mixed with basic slag, 
tlie iron and mangaii(‘se contents of the latter (15 to 18 per cent. 
FeO and F('203, 5 jier c(*nt. MnO) ar(‘ said to eatalytically promote 
the formation of un^a. The foJlo\N ing are claim(*d as sjiecial advan- 
tage's of mixed cyanamide fertilisers : low jirie^e, drying action on 
hygroscopic constitiu'uts of the fertiliser, lixation of acid, lime con- 
tends, and availaliility in place of exj)(*nsive organic fertilisers, such 
as blood nu'al, bone meal, and«so fdrth. 

In an addless to the l*resident», the Minister of War and the 
SecH'tary of the Navy, tlu' American Electro -die mi cal Society ^ 
deals in detail with the question of nitrogen supply, fn this com- 
munication the following recommendations are made : — 

(1) Immediate im]X)rtation and suitable storage of such quan- 

tities of Chile nitrate that war n'quirements are met for eighteen 
months ; * 

(2) An investigatory commission, in order^ to compare all pro- 
cesses relating to tlie nitrogen industry ; 

¥ t 

^ 8t*o W. Moller and L. “ llupgcmitii*!, kiinslliche ” in Ullmaim’s 

Encyclojm'dia,” 

- Ohem. Ztej., 1910, p. 847. 
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(3) The working of suitable processes should be left ^ private 

enterprise, the immediate erection of a Government plant should 
not be considered, but, on the other hand, the exploitation of natural 
water powers on a larger scale than hitherto should be rendered 
possible ; and ^ * • 

(4) Investigations should be directed to the study of the pro- 
duction of aininonia and the activity of iiitrogen-assinnlafing bacteria. 

We wSl dcscribci below how all these negotiations and addresses 
led to the develoi)inent of a large domestic nitrogen industry in the 
■pnited States, calculated not only to supply tlie necessary fertilisers,^ 
but also to provide for national defence. At the close of 191!) Senator 
Wadsworth introduced a resolution in Congress advocating the for- 
mation of a self-contained central organisation for the jroduction of 
atmospheric nitrogen compounds and so forth for military, experi- 
^ mental, fertilising, and, other i^uiposes/'^ Research laboratories and 
experimental plant were to b(‘ irovided for tliis ])urpose. 

The few figures whicii w'e have already quoted indicate the 
enormous dOTelojunent of chemical industry in the United States 
since 1914. The interest of Americans in chemical industry has been 
greatly stimulated, and this result may have f)een largely due to the 
exhibitions of chemical products which were from time to time 
arranged in all parts of tlu^ country. The National Exhibition of 
Chemical Industry in New York, from S(q)teml)er 20th to 25th, 1915, 
already attracted eighty exhibitors, altliough at that time the largo 
chemical works very largely refused to take part. Man y (anematograph 
performances have been arranged to explain chemical manufactures 
and to emphasise their importance and ec^ononiic value. The most 
active agency in this direction Avas the dor'dan Scientific Society of 
Rates College^ Lewiston, Avliich owns ciiu‘matograf)h films repre- 
senting the working of by-j)roduct coke ovcuis, the nianufactun* of 
cyanamide and (JottreH’s dust pJKx;ij>i|ation process.^ 

The increase of capital in tlje chemical industry, of the United 


States is shown by the following table ^ 

— 

• 


New Capital Invcstt'd. 

August, 1914, to August, 

1915 

. S 10,800,000 

„ IDJf) 

1910 

. ,, 05,505,000 

„ l»Ui 

1917 

. ., 99,244,000 

„ 1917 

191S 

. . ,. 140^00,000 

1918 

1919 

73,405,000 

191 ^) 

1920 

112,173,000 


' “ Kniahrimjj: d. JMIJinze,” IlMO, p. J-ta. 

“ Zeitach. f. anyew. Chent., pJ20, ii., 13. 
a Cftetn. Ztg., 1919, p. 701. 

^ Zeitsch. /. angew. Chem., 1920, ii., 59 ; Chem* Ztg., 1920, p. 296. 
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The toj-a] is more than 513-3 million dollars. During this period 
the American Government is stated to have invested $300,000,000 
in chemical works, of which $116,000,000 were invested in the 
nitrogen industry alone. ^ 

An indicati^m of the depreciation of ass'ets, created during the 
War, at the conclusion of peace, is given by the fact that one 
firm sold ioc $6,000,000 plant which was erected at a cost of 
$100,000,000. The exports of explosives amounted to $6,000,000 
in 1914 and about $803,000,000 in 1917. At the close of 1918 and 
the commencement of 1919 a whole number of explosive anU 
works were closed. At the outbreak of war there were*^ only 6 
colour works in tjie Unitctl States', only one of which produced 
aniline dyestuffs. In the course of the last few years about 100 new 
chemical works have come into being, of which 22 manufacture 
coal-tar dyestuffs, the imports of which amounted, before 1914, to^ 
$10,000,000 to $15,000,000 per year. In 1919-20 the dyestuff 
manufacturers im)duced about 13,000 tons. In 1914 the total 
exports of dyestuffs were valued at $350,000, in 1917 att$12,000,000, 
and in 1918 at $17,000,000. The exports of sulplmric acid rose 
from 5,400 tons in 1914-15 to 31,000 tons in 1917-18. Caustic soda 
and similar fu'o^lucts, which were harflly exported at all before 1914, 
were exported in 1917-18 to tlie extent of 56,700 tons. 

In 1914 (). 000,000 tons of chemicals wvro manufactured in the 
United States, of the value of $2,500,000, and in 19, 1 7 these had 
increased to 46,000,000 tons, of the A^alue of $57,000,000. The 
production of siil])liuri(; acid, which was already 2,7 10,000 tons before 
the War, had increased in 1917 to more than 3,300,000 tons, and 
the total outj)ut capacity of the sulphuric acid works had almost 
doubl(Hl from 1914 to 1920, l)eing 4,970,000 tons in 1919. In 1917 
152,760 cu. m. of benzene were produced and 38,760 cu. m. of 
toluene. Synthetic phenol was not,produ(^ed at all before 1914, but 
in 1917 29,000 tons, valued at $23,700,000, were produced in fifteen 
works. The cpiantities of pure German potash salts used agriculturally 
in the United States amounted to 244,911 tons in 1910 ; 231,690 tons 
in 1913 ; 152,499 tons in 1914, and 5,046 tons in l'915, and in 
addition, 11,411 tons of K 2 O were used industrially in 1913. The 
domestic potash industry, which was introduced with great vigour, 
produced 900 tons calculated as K.,0, in 1915, 8,800 tons in^l916, 
30,4a0 tons in 1917, and 50,000 to 60,000 tons in 1918, using as raw 
materials, salts, brines, alunite, felspar, the du»t from cement kilns 
and blast furnaces, tvool suint, molasses, and the ash of seaweed. Prices 
have recently once more stimulated tjjie American potash industry. 

1 Zcitsch. f. angew. Chem., 1920, ii., 419. 
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Before the War German potash cost in American markejis $40 per 
ton; in Au^st, 1919, $90; in the middle of 1920, $122 in sacks, and 
$117 f.o.b. German ports, in bulk, with 12 per cent, discount for 
July, and 7 per cent, for August and September deliveries. The 
American consumer alsd has to pay freight charges of $5.50 to $6.50 
per ton. The price of German potash in America, in American 
currency increased about three-fold in 1914, or more tfiifn thirty-fold 
in German currency. Potash fertiliser from Nebraska, on the other 
hand, was sold up to December in the United States at $12.50 per 
ton.^ If, therefore, the production of the American potash industry 
were to grow rapidly, the prospects for German potash would 
to-day be very })oor. The domestic Americau potash industry 
suffers, however, through working cxpemscs, which have risen more 
than ten-fold, and even under the most favourable circumstances 
^it will require ihany yc^irs and millions of dollars before^thc industry 
can seriously compete, even leaving the technical difficulties entirely 
out of account. 2 

The conditions in the ‘German chemical industry have been 
specially studied by Irving A. Keene of the (diemical works of the 
Keene Company, London, and by J. Bebie of the Monsanto Chemical 
Works, St. Louis, on behalf of the American Chambijr (a Commerce 
in London, and they came to conclusions which arc very discon- 
certing as to German prospects in the near future.^ The Chicago 
Exhibition oi September^ 1919, at which the chemical industry was 
strongly represented, showed that the United States arc about to 
play an important part as competitors on the w orld’s markets,^ more 
particularly as they are endeavouiing to develoj) their industry with 
all their power. The cultivation of industrial and trade relations 
between Germany and the United States is served by the Techno- 
Service "Corporation,® founded in New York in 1920, which is con- 
cerned with the explditation amd pyrehase of 2 )atents, the repre- 
sentation of foreign firms, the i^icilitation of negotiations, and so 
forth. 

In estimating the possible markets of the American fertiliser 
industry, the following communications are of great interest, made 
by the President of the National Eortiliscr Association at the 
annual meeting of 1920 at Sulphur Springs.^ There arc 3,442,500 
sq. kip. suitable for agriculture, of whick 2,025,000 sq. km. are at 
present under the plough, whilst the rest aw&its later cultivatito or 


1 Metallbdrse, 1^20, p. 1280. 

^ Zeitsch. f. angcw, Chem., VJIS, iily 520. •• 

=» Ohem. Ztg., 1919, p. 063 ; Zeitach. f. angew, Chm., 1919, ii., 648. 

* 6^4cw. 1919, p. 832. • 

‘ Zeitsch. f, angew. Ohem., 1920, ii., 299. 

• MetaOborse, 1920, p. 1280. 
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improvenv^nt. The Western States at present utilise very little 
fertiliser, but the ease is otherwise with the Eastern States, which 
cultivate tobacco, the Southern States, which supply cotton and 
the North-eastern States which produce large quantities of potatoes, 
all these usin|> fertilisers in very considerable amounts. Cotton, 
tobacco and sugar b('et arc typical “ potash gluttons.’’ On the 
averagev 20b lb. of artificial fertiliser are used per acre ; as the 
present production and import of nitrogenous fertiliser^’ is about 
6, 400, 000 tons, this suOices for fertilising about 288,000 sq. km., whilst 
the remainder — uaTuely, 1,737,000 sq. km. — remains unfertilised, 
and should consume 38, (>00, 000 tons of nitrogenous fertilisers. 
H. Li})man, of thv‘ New dersey Agricultural Exj)erimental Station, 
estimates the cultivated area, which is most in need of nitrogen at 
408,150 sq. km. According to his estimate, this is distributed as 
follows : — t • f 


Soutlierii States 

149,850 sq. 

km. under cotton. 


81,000 

,, ,, maize. 

Middle West . 

24,300 

,, ' ‘'wheat. 


40,500 

oats. 


81,000 

., maize. 


40,500 

,, ,, grass. 

North Atlantic Statens 

4,050 

,, ,, grass. 


8,100 

,, wheat. 


12,150 

,, ,, oats. 


4.050 

,, potatoes. 


If 200 \\). of nitrog( nous fertilisers ar(' requirc'd j)er acre, then we 
have a minimum ] (‘.quirement of I 1 ,070,000 tons, of which at ju’cscnt, 
as already niention(*d, only (>,400, 000 tons are actually employed* 
On comparing tin* three' figures — 0,400,000 tons for the present 
suji^ly, 11,070,0(K) tons foi' the most important requirements w^hich 
should immediat(‘Jy be coveivd, and 38,()O0,OOO tons for later in- 
tensified production in th(^ wiiolo^agricultuial area — the enormous 
op])ortunities for extension 'of the nitrogen industry in the United 
States are appanmt, possibilities which are not surprising if we bear 
in mind th(^ total area, which, including Alaska, is 9,212,000 sq. km. 
The magnitude' of thi^ future' re'quire'incnts is enhanced if we take 
into acce)unt the^ re^clamation of at least 1,417,500 sq. km. of virgin 
soil anel barren lanel, whKdi must ultimately occur, and which will 
utiltse a furtlmr 31,5tK),000 tons e)f nitrogenous fertilisers. 

When elii^cussing the (liilean nitrate iiicfiistry we mentioned 
the enormous shipments to the United States ; these amounted l5o 
2,018,000 tons in 1918 anel fell to 440,000 tons in 1919. In spite of 
the fact that the imports in 1918 were very considerably greater 
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than the pre-war imports, which were 552,440 tons in 1914, the 
demand for Chile nitrate in the middle of 1918 for the* production 
of munitions was greater than the total imports and stocks. The 
War Industries Board and the War Department therefore made it 
clear to the Department of Agriculture that no awipplies of Chile 
nitrate would be available for agriculture', and that the farmers 
would have to manage without them. On the other luwid , {he output 
of the explosive industry increased ('noimously, as will ])e (dear from 
the following statistics of export values in 1914 and 191(5 : - 

1014. 1010. 


(Cartridges . 
Dynamite . 
Gunpowder 
Othc'r munitions . 


$ 

* (5,5(57, 122 
. 1,218,600 
. 289,893 

. 1,966,972 


'Fotal . . $10,037,587 


$ 

55,103,904 

4,173,175 

2(53,423,149 

392,875,078 

$715^)75,306 


At the conclusion (jf tlfe truce the nitrate stocks of tlie American 
Government were ({uite considerable. At the commencement of 
1919 they amounted to 226,000 tons in Americ^a and 120,000 tons in 
Chile. In addition, tl'c explosives works themgSeU ; h('ld very 
considerable reserves. At the cennmencement of 1919 151,000 tons 
of the Government stocks were distributed to the faruu'rs by tlie 
Ministry Agriculture at a jrrice of about $90 p('r ton. On June 
3()th, 1919, the Government control ®f the nitrate* trade was removed. 
The principal American firm working in (Jiile is the Du Pont Nitrate 
(’ompany which, as is indicated by the name, is a. bi'anch of the 
large ex])losive works, the Du Pont de N('mours Bowder Company. 
During the War this lattei* (company made (*normous i)rolits, wliich 
it is flow utilising for dcv(‘loping the manufacture of dyestu^’s on a 
very large scale. ^ ^ 

During tlui war ])eriod re])ea.ted attc'mpts weire^made to exploit 
the domestic nitrate de])osits. In 1917 the Geological Bureau of 
the ITiiitcxl States stated tliat after a. careful investigation lasting 
for two years and cov(*iing all parts of the (‘oiintry, the nitrate 
deposits had been found to Ix'^ jmxctically vahieless for any technical 
exploitation, and that they had at most a local importance. In th(^ 
St^te of Colorado the nitrate dej)osit# cover an area of 360,000 
hectares. In Presido (.^ounty the Texefs# Nitrate and Fertiliser 
Company, Alpinc^^ (Texas), is developing deposits.^ Jhc American 
Nitrate Company of Boise (Idaho) works in* the eastern part of 

1 It is said that this firm coiilrdls over $l,eOO,0(X),000 of liquid^iasets ; Zeitsdi. /. 
angew. Chein.^ 1920, ii., 5. 
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Oregon. The deposits found in the Amargosa Valley, Inyo County 
(California)*, are typical of the United States nitrate deposits. 
According to the investigation of the Geological Survey' the caliche 
here forms a layer of an average thickness of 13 cm., about 23 cm. 
below the surface. The main constituent, apa'/t from sodium nitrate, 
is sodium chloride. The richest fields would only yield 1,795 tons 
of nitrate pen 68 hectares if completely exploited. 

It has already been mentioned that in the year 1913-14 there 
was produced in the United States 78,589 tons of nitric acid of 
various strengths, and 112,124 tons of mixed acid, all from nitrates.* 
These quantities correspond to about 89,000 tons of 100 per cent, 
nitric acid. For Uieir manufacture there was necessary about 
160,000 tons of nitrate, of which the annual imports at that time 
were 557,000 to 560,000 tons. Towards the end of the War the 
United States used over 1,000,000 tons of nitrate for the manu- 
facture of nitric acid alone, of which about 650,000 tons of 100 per 
cent, acid were produced in 1918. Of this quantity, almost five- 
sixths was used for the manufacture of explosives.^ ^ 

We have already drawn attention to some of the more important 
improvements in the old method of ‘manufacturing nitric acid with 
the help of sulphuric acid according to the equation — 

NaNOa + H2SO4 = NaHSO^ + HNO3 
The old retorts with bottom-firing have now been replaced by 
new installations reducing the fuel requirements by 2*5 per cent. 
Duriron or tantiron (Fc + Si) are now used in the construction of 
the retort and condensers. The capacity of the condensing towers 
is thus increased by 40 per cent. The average charge of the retorts 
has been increased from about 2,250 kg. to about 3,400 kg. The 
modern retorts are rotary. The newest installations with all these 
improvements now enable an average yield of 92 to 94 per cent, of 
the total nitrogen to be obtaine^l, coxipared with 78 to 80 per cent, 
formerly ; moreover, fewer workpeople are required. The recovery 
of the waste nitrous gases from various nitrating processes has also 
been considerably improved. 

In the history of the production of nitric acid from the air, 
the United States holds a ])osition of priority, in so far as it was in 
that country that the first industrial attempts were made to burn 
air in the electric arc. In 1902 C. S. Bradley and B. Lovejoy 
foundai the Atmospherid Products Comi^any of Jersey City. N.J. 
with a capital^ of $1,000,000 in order to worlt their process on 
a large scale 2 (British pat. 8230/1901 ; U.S. pats. 709,867 and 

I 

^ ^ Zrifsch. f, angew. Chem., ltM9, ii., 115. 

* Chem. Ztg., 1902, p. 1018. 
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709,869; Austrian pat. 12,300; Swiss pat. 24,298). Bradley and 
Lovejoy utilised direct current of 8,000 volts. Their apparatus 
proved tcfTbe too expensive relatively to the output and too un- 
reliable to ensure definite success. The furnaces were very small. 
They treated 19*5 cub. m. of air per hour only.^t The yield was 
certainly very much better than in previous experiments ^ ; at the 
small plant at Niagara Falls, 1 kg. of nitric acid, of* about 50 per 
cent., could be obtained per 15*4 h.p. hours. It was soon found, 
however, that the acid and the salts obtained from the same con- 
stained nitrous acid and nitrite respectively. The presence of these 
impurities prevented any considerable utilisation or sale of the 
products. The Atmospheric Prodiuits Company were finally forced 
to close their plant. This resulted in the disappearance of the 
United States, for the time being, from the field of atmospheric 
nitric acid production, and the leadership then passed to Norway 
and Germany. The problem of the direct productioil of nitric acid 
from air was then only studied in experimental plants. Thus, in 
1912, the Southern Electrochemical Company, of New York, took 
up manufacture on a small scale by the Pauling process at their 
works at Nitrolee (South CarC>lina).® In 1915 the same firm was 
erecting a plant to utilise 3,000 h.p. at Great Falls, is '^outh Caro- 
lina, on the Catawba River ; this was to produce 4 tons of acid 
daily in the first instance. The Du Pont Company, who were the 
holders of Jicem^es for the Birkeland-Eyde process in America, had 
intended to erect a large atmosphj^ric nitric acid works, but this 
project was nc^ver realised. On the other hand, the American 
Nitrogen Products Company was founded in 1916-17 at Seattle by 
the co-operation of individual Norwegians and the Norway Pacific 
Constructions and Drydock Company, with an initial capital of 
$750,4)00, in order to exploit the process of F. 11. A. Wielgolaski 
■ (German . pat. 258,4)52, 270J58, 272^853, and Norwegian pat. 
24,195). The capital of the company, which w^as mainly contributed 
from Norwegian sources, waj? increased to ,$1,250,000 in 1917, in 
order to enable the first unit to be erected at La Grande (Washing- 
ton) in 19l7. The Government granted a concession for the develoj)- 
ment of the large waterfalls at Snohomish/ County (Washington), 
^which are estimated to represent 230,000 h.jj. The first works at 
La Grande were commenced in the autumn of 1916 and finished in 
1917 ; manufacture was started experimentally in the sanjp year. 
Only such machines and apparatus were used as had already proved 
, successful in Norway, and the intention was .prim&rily to produce 

1 Zriisch. f. angew. Chem., 1900, pp. J57-38. • 

2 Ibid., 1900, rti. 977 et seq. 

* Chem. Ind., 1912, p. 294. 
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synthetic nitrates, but alvSo pure ammonium nitrate and so forth. 
Current was first supplied to the works from the town of Tacoma. 
The experimental works were only completed early in 19l'^, by which 
time the main manufacturing difficulties had been solved, so that 
large-scale manufacture could be commenced* and the product sold 
to the selling agency, the Marden, Orth and Hastings Corporation, 
of New Yorkj In this way the new manufacture finally established 
itself firmly on the west coast of the Ihiited States. So far, the main 
product has been sodium nitrate, of which 1,000 tons have been 
manufactured ])cr year, in 1018, how(*ver, the company decided* 
to extemd their works and further di‘velop the available water 
powers (280,000 h.y).), as the essential conditions for successful 
working- '-nanu^ly, cheap current and large limestone deposits — were 
present on a large scale. The War exchanges, which raised the price 
of sodium nifjate fnmi 45 cents to 110 cents per kilogram, were 
extremely faA'cmrable to the development of the new undertaking. 
It is intcauhnl to enuit a works in (^anada at a cost of $250,000 with 
an output c^a})aei( V of 2,000 tons of sodium nitrate j)er apnum. The 
prcidiietion of eyanainide. calcium nitrate and so forth is also 
intended. 

The actual outjuit of all these arc process plants in 1918 amounted 
to only 2,000 to 8,000 tons of nitric acid, calculated as 100 j)er cent., 
so that it was of little account comf)ar(al to the enormous output 
figures of other nitrogen lixation ])lants. , 

By far the most importaTit^ ])rivate company concerned w'ith 
nitrogen lixafion is tlu' American (Vanamickj (V)m])any, which w^as 
founded in 1907, and which controlled in 19l()-17 a (lapital of 
$8,250,000 in ])referejic(‘ shares, and $2,500,000 in ordinary shares. 
In 1920 this was incrcasial to $8,000,000 in ])refercnc-e, and $6,500,000 
in ordinary shares. The dividends on the preference share?, were 
regularl}' ])aid until J<.)14, but no diviejends were f)aid on the ordinary 
shares. The com[)any workcal f-he Frank (Viro cyanarnide process. 
The^Euroj)ea.n (firectors before the W^xr included N. Faro, of Berlin, 
and F. MacKay Edgar, of London. In 1916-17 permission was 
obtained to issue a further $12,000,000 of j)referen(a^ sluires. The 
net })rolits which tlu^ company was able to slmw gives a picture of 
the wartime (conditions, 'Th(\v were namely : 


(July iHt) 1912-1.'} (,Iuiu' .‘lOtli) 
• 19i;}~J4 ,, 

„ 1914-15 

1915- 16 • 

1916- 17 „• . 

1917- 18 

1918- ltt. „ . 

„ 1919-20 „ . 


C $ 

189,(K)0 

:}24,0()6 

58,500 

376.000 

638.000 
. 1,601,410 
. 1,048,752 
. 1,716,360 


(Sales, 38,000 tons calcium cyanarnide.) 
,, 23,000 *„ 

,, 42,772 „ 
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If WO add the amount carried over from the business year 1917- 
18, there was available on dune 30th, 1019, a total of |l, 723, 529. 

The first cyanamide plant of the American (.yananiide Company 
started manufacture in 1909 10 at Niagara Falls, Ontario, Canada ; 
in May, 1920, the eight old caj*hide furnaces weret replaced by two 
new ones. At that time (in 1909 10 ), the annual output capacity 
was 12,000 tons : nitrogen \vas produced from the»air,by the old 
copper* oxidation process, which was replaced by the rectification of 
liquid air at the (commencement of J917. ])lant was enlarged 

in 1912 -13 to an output ca])acity of 32,000 tons per annum and in 
1913-14 to 04,000 tons pc’cr annum. In 1919 the' whole plant w^as 
working at its maximum capacity. In 1914-15 80 per ccjit. of the 
total production was still sold in the form of cyanamide, and only a 
very small portion was further transfoniUMl into ammonia, urea and 
cyanide. Wh(‘u disjuissing the development of the (German nitrogen 
industry, we already mcntioiKMl that W. S. kaiidis, ot the American 
Cyanamide^ ('om])any took i:)art in various meetings of the Frank- 
Caro interests, and that lie used the oppoitnnitv to inform himself 
exactly on th(' decomposition of calcium cyanamide in autoclaves. 
As a consequeru^o, aln'ady in llu^ lirst month of 1915, a similar plant 
was (Tccted in the United States, in tlu^ first iiisi.. on a small 
scale. In 1910 17 the Aimu-icurn (Vananiide ('ornjianv acciuired the 
whole share ea])itaJ of the Annuo-Phos Corjioration, which was 
oporatingi U/ newly cr(‘ct(‘(l plant- for th(^ nuinufactuK' of ammonium 
])hosphat(‘ on the N(wv Jersi'V ci^ast of ^Sl(wv ^ ork llarboui. 13y 
means of an ahiiiatcHl company, th(‘ Amalgamated Phosphate Com- 
pany, the ]mi*eiit comiiany also (uitcrcd into closer relationship w’ith 
tl^e Virginia-t^arolina (lu'inical (Vmqiaiiy. and thus became a member 
of the Assgeiation of Phosphate Kxpojters of Florida. The dtmuind 
for Wmonia rose stixidily during the War, so that finally, in 1917, 
an agreement was^signed w^th the tJovernment, aceending to whidi 
the company iindeitook to supi)ly*tJioir w hoJ(‘ pioduction of syntlietic 
nitrogen in tlu‘ form of amiuonia only. In order \o fulfil the^e con- 
ditions, both the cyanamide deeonqiosition plant at Niagara halls 
and the* Ammo-Phos Works at Warners, N(‘w dcusey, were c( 3 n- 
siderahly enlarged. In the second ha-lf of 1917 the demand for 
ammonia increased still further, and could only be mot by imjnovc 
ment in the plant. In 1919 the piodqctioii oi NH 3 was 14,728 tons. 
At the close of 1917 and the commeiu^jnciit of 1918, tl^ normal 
productiem at Niigara Falls was im])eded by unjustifiable withdrawal 
of electric supplies bv the Ontario Power Cointiany. These conditions 
were only improved towards the end of April, 1918 Tlic product^n 
from calcium cyanamide of a low-grade cyanide pa^ficularly suitable 
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for the extraction of gold was further improved in 1917. One of the 
large American mining companies utilises this product. Since 1917 
urea compounds have also been sold. The trade in these products 
was, however, hindered from the summer of 1917 to December, 1918, 
by the agreement with the Governpient already referred to. The 
American C 3 ’^anamide Company also manufacture argon as a by- 
product, which is utilised for filling electric lamps and for similar 
purposes. 

The Ammo-Phos Works at Warners, N.J., were primarily intended 
for tlie manufacture of ammonium phosphate, which was placed on 
the market under the registered name of ‘‘ Ammophos,” and contains 
1.3 to 20 per cent, of ^ammonia and 47 per cent, of phosphoric acid, 
mainly in water-soluble form. They obtained calcium cyanamide 
from Niagara Falls, and at that time decomposed it in autoclaves, 
which had a daily output of 30 tons of NH 3 gajS. At Niagara Falls 
their own cyanamide has been treated since 191.5, first on a smaller, 
and then on a larger scale, but the Warners plant is still supplied as 
before with cyanamide from outside, which is converted by them 
at that plant into ammonia. In 1916 there was erected at Warners 
the first American works installation for the catalytic oxidation of 
ammonia. The process used by them was due to Landis and depends 
on passing a mixture of gaseous ammonia and air from below through 
a net of platinum gauze and cooling it just before it passes through 
the catalytic zone, (In the Frank-Caro process the gases tfre passed 
through the gauze net from abpve.) The first plant at Warners 
comprised six catalyst units, of which each was to produce 6-4 kg. 
of nitric acid per hour. By means of various improvements, this 
output was increased to 18-1 kg. of nitric acid per hour. The catalyst 
is a fine, electrically heated layer of platinum wire gauze with a 
surface of about 1,858 sq. cm. Two such elements supplied* the 
nitric acid requirements of sulphuric qcid chambers, of a capacity 
of 60,000 tons per year, for two years. The ammonia which is 
oxidised is obtained directly from. the autoclaves in which the calcium 
cyanamide is decomposed, each of which supplies 30 tons of ammonia 
gas per twenty-four hours. The demand for ammonium phosphate 
in 1920 was very largo. 

The sulphuric acid produced by the Ammo-Phos Corporation was 
partly used for the decomposition of the phosphate necessary for 
the pro(Juction of ammonium phosphate. Another portion was 
utilised for converting the ammonia from cyanamide directly into 
ammonium sulphate. When the agreement between the American 
Cyanamide Company and the American Government came into 
force in the suAmer of 1917, the manufacture of ammonium phos- 
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phate and ammonium sulphate was stopped. Apart from ammonia, 
only small quantities of nitric acid were produced for use within the 
works. T&e total production of the sulphuric acid works was also 
absorbed by the Government for the decomposition of nitrate, 
which in turn served for the pianufacture of ammonium nitrate. 
On the conclusion of the truce these deliveries of ammonia and 
sulphuric acid ceased. It was possible rapidly to resirme t^he manu- 
facture# of ammonium phosphate and ammonium sulphate at 
Warners, N.J., as new and ample markets were quickly found, both 
* in the States and abroad. The production of j)hosphate rock at 
Brewster, Florida, once more increased ; thus, by the commence- 
ment of May^ 1919, the deposits were again J)eing fully worked ; 
in this month a strike interfered very seriously with the production 
for a time. The prospects for the export of phosphates arc con- 
sidered to be very ^favourable. The losses of the Amalgamated 
Phosphate Company in 1917-18 were $104,000. ^ 

In 1919 the American Cyanamidc Company at Niagara Falls 
and Warngrs produced IcfSs cyanamide than ammonia, ammonium 
salts and cyanides. An agreement which came into force on December 
1st, 1919, fixes the cyanide prices for ten years at the manufacturing 
cost plus 20 per cent. The agreements foi phosphati- ’ liveries are 
also for long periods, and at the end of NovemlxT, 1919, the com- 
pany was faced with unfulfilled orders to the amount of $4,430,000, 
so that thq position is very favourable. 

The Ammo-Phos t-orporation f^lso manufactures (concentrated 
ammoniacal liquor. Recently it has also been suppliccd with cyana- 
midc from Muscle Shoals. The residues from the decomposition of 
calcium cyanamide ai^e also sold to farmers under the name of 
soilime.” This product contains 50 jrer cent, of (^aO, mainly in 
the f<»rm of carbonate and hydroxide. 

In the second half of 19J7 the Air Nitrate Corporation was 
founded as an agent for the American Government in the erection 
of plant for the manufacture of ammonium nitrate by means qf the 
cyanamide process. The total capital of the Air* Nitrate Corporation, 
which is ofily nominal, belongs to the American Cyanamidc O^mpany, 
which granted a licence for the use of its patents. The Government 
pays the Air Nitrate Corporation a consideration for the erection 
and administration of the Government^ works. 

*The Southern Power Company, of. /^lester, took j^p the 
manufacture of calcium cyanamide for a time in an experimental 
works in 1912.^ There was at that time another smaller experi- 
mental plant in Baltimo'e.^ It has lately been proposed that the 

1 Chem. hid., 1912, p. 294. 
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gas wells of the Fraser Valley in British Columbia, which produce 
almost pure nitrogen, should be utilised for the manufacture of 
cyanamide ; the project would be siniplihod by the fact*^that large 
power resources available on the Pacilic coast, for example at 
Stave Lake. 

In the Ihiited States the Union (Jarbido Company, the former 
owner of the TVillson pat('nt, made sueli advantageous trade agree- 
ments that th(\v hold a nionoi)oly of carbide manufacture. They 
have latterly united witli the National (!arbon ('Ompany and the 
Carbide Air IIchI action (\)Tn])any. The main works are at Niagara 
Falls and Sault Stc. Marie, Michigan, ami before the War 2 )roducod 
about 80,000 tons of carbi(l(\ of which about 10,000 tons wore exported 
to South America. In 1014 lo the total carbide export was 16,000 
tons, and 17,000 tons in 1015 16. As the costs for ])ower and labour 
are chcaj)(‘r in Norway tJian in tiu' United Stat(;s, th(^ Union Carbide 
Company erected a. third lai‘g(‘ works at Saude in Norway. The 
consum])tion of cyanamide in the Unit(Ml Statens inctreasod between 
1011 and lOK) from 5,000 to 40,000 tons.' 

In tJie s])ring of 1016 the AnuMicaii (Vanamide (Vunpany erected 
the first electiically heated (Landis) contact unit for the oxidation 
of ammonia from cyanamide at Niagara Falls, Ontario. In the same 
year, but several months latcj-, the first manufacturing jdant was 
started at Warners, N.d. The Ostwald-Barton ])ro(;ess of the 
English Nitrogen Pi'odncts and (Wbid(i ( 4 )., Ltd., did not come into 
permanent use in tlie IbiipMl »Stat(‘s in its original form. At the 
suggestion of Chas. L. Parsons, t he Semet-Solvay (-ompany, of New 
York, and the Bureau of Mines, \\<‘re riMj nested f)v the (h)vernment 
on August loth, I!) 16, d(4init(‘ly to discov(‘r whidhei' coke-oven 
ammonia could be oxidised on a manufacturing sealer t)r Jiot. To 
decide this ([uestion a small exjKTimental plant w^as erectod at 
Syracuse, N.V. Although laboratory e\[)crimcnts carried out by 
the Bureau of Minces iji conjunction with the Semet Solvay Com|)any 
Jiad show'n that btluM' m(‘tallic'and non-m('tallic. catalysts cu)uld bo 
utilised instead of ])latinum. it was finally decided to continue to 
use spirally rolled jdatinum gauze. Electric heating was dispensed 
with entirely. The constj uction [)rovcdso satisfactory that Brunner 
Mond & Co., Ltd., England, also erected a »lojies- Parsons Tinit for 
experimental purj)os(^s, and the American Covernment Plant No. 2 
at Muscle Shoals was mainly furnished with ammonia oxidisers 
according to this system. Tlu^ plant of the Seim^t Solvay Company 
at Syracuise w as ^ater« enlarged, until the daily [)roduction amounted 
ho several tuns of nitrate and nitrite, in spite of attempts to intro- 
duce it, the Se?]jek process attained no im 2 )ortance. 
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The Air Nitrate Corporation erected No. 1 Government Plant at 
Sheffield, Alabama, with a maximum output capacity of^l5,000 tons 
of 100 per 'cent, nitric acid per annum. The plant utilises Landis 
units of the American Cyanamide Company. There are six oxidation 
sheds, each containingdour rows^ each of 20 units — that is, 090 units 
in all. Each unit contains 143 gm. of platinum. As the plant 
manufacturing ammonia was unsuccessful, SheffioJd was unable to 
deliver ammonium nitrate during the War. At a later date 1 5,000 lb. 
of the nitrate were manufactured from ammonia from other 
•sources. 

Muscle Shoals is said to produce 90,000 tons of 100 per cent, 
nitric acid annually. A smalPplant in Long Island city is also said 
to use the platinum gauze oxidation process. 

The maximum output capacity of all cojitact plants completed 
or on the ])oint of completion in the sja ing of 1919 is stated to have 
been 225,000 tons of 100 per cent, nitric acid. As (ff)0,000 tons of 
HNO3 are annually prodiua'd in the United States from ChiU' nitrate 
(see p. 264j, the total output capacity of all ])lants would be not 
less than 875,000 tons of 100 per cent, nitric acid. This output 
would be more than nine timds as large as the demand before the 
War. In 1913-14 the exulosive industry ulilised abum 000 tons, 
whilst about 40,000 tons Mere used for all other purposes. Even if 
the consumption of the American dyestuff industry is estiniatc'd at 
30,000 to 4]), 000 tons of HN()3 per annum, th(^ ])eace demand would 
only be 120,000 to 130,000 tons. AgS the output ca[)acity is almost 
seven times as large as this figure, the prodiud ion of nitric acid would 
have to be very considerably reduced, even though largo amounts 
of acid were used for the manufacture of nitrate fertilisei’s. 

In a lecture at the Exhi])itioii of tht^ Anu'rican ( 'hemi(;a.l Industry 
(see p. 201), E. J. Pranko discusstul the future prospects of am- 
monia oxidation processes in^ U.S.A. in detail,^ comparing,* more 
particularly, the economic results A^ith those of the older processes. 
It is very difficult to make deliliite prophecies on this matter. “^The 
cost of converting sodium nitrates into (jonticntraied nitric acid is 
approximiftely as high as the manufacture of nitric acid from gaseous 
ammonia from autoclaves. Gaseous ammoniads certainly a cheaper 
form of nitrogen than sodium nitrate. It is cheaper by the cost of 
the sulphuric acid, which is necessary for the fixation of the gaseous 
ammonia in the form of ammonium sulphate ; for sodium jiitrate 
and ammonium sulphate were form<‘rly appi'oximately ecpial in price 

per kilogram of nitrogen . (Thus, for example, in ^Jermany in 1 91 3 1 kg. 

• 

^ (ffiem. Trade Journ.f No. 1042 (lO’lS), pp. 341—342; ZvilscU, f, om^yeic, Ohcm.f 1919, 
i., 116-110. 
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of nitrogen in Chile nitrate f.o.b. Hamburg cost 138 pfg. ; 1 kg. of 
nitrogen in ammonium sulphate f.o.b. Hamburg cost 138*2 pfg.) 
Should a difference in these prices occur at a later date, the price in 
the form of ammonia will probably be lower. The difference between 
the prices for ammonia gas and apimonium ' sulphate will make a 
difference of about 1 5 to 20 per cent, in the price of nitric acid, in 
favour of, the' ammonia oxidation process. The fact that those 
works which manufactured nitric acid from Chile nitrate during the 
War have written off the cost of plant and have this advantage 
under peace conditions, whereas new oxidation plants must first be"^ 
built in the same localities in order to avoid high transport charges, 
has an unimportant mflucncc only on the price position, as amortisa- 
tion charges represent about 4 per cent, only of the normal price of 
nitric acid. The question whether there is sufficient initiative in 
America for the development of the new industry will be decisive 
for the success of the new process.” 

At the outbreak of war the position of the nitrogen industry was 
rather indefinite in America. As interest in the synthetic pro- 
duction of nitrogen compounds gradually increased, the Govern- 
ment undertook the definite investigation of the competing pro- 
cesses in an admirable fashion. A special commission for nitrate 
supplies was formed, of which A. N. Noyes, L. H. Baekeland, G. 
Dunn, (di. H. Herty, W. K. Lewis, M. J. Pupin, T. W, Richards, 
E. Thompson, and W. R. Whitney were rniunbers. The .commission 
sought the assistance of further exjierts, among whom Chas. L. 
Parsons, the chief chemist of the Bureau of Mines, especially dis- 
tinguished himself, in 1910 l^irsons un(l(*rtook a journey in order 
to study the Englisli, Italian, French, Norwegian and Swedish 
nitrogen works, so that he might critically compare tlic advantages 
and disadvantages of the various processes. He made life first 
report on January 27th, 1917,^ in wlpch he comes to the conclusion 
that the annual recpiirements of the Government for the manu- 
facture of munitions amounted to 2(),()0() tons of nitric acid per 
annum in peace time, and 180, 009 tons per annum in war time. 

Parsons naturally first directs attention to the conversion of 
by-yiroduct ammonia into nitric acid, which is the most practicable 
method of supplying American re(j[uirements. We will consider 
very briefly the very reliable data of Parsons on the various 
groups of processes. The arc processes are not used on a large 
manufacturing scale anywhere, except in southern Norway, which 

„ ^ Cham. Trade Journ., October 13th and 20th, 1917, pp. 299-301 ; J. Irtd. Eng. Chem., 

September, 1917. pp. 833-839; IleBse-Orossman-i, “ Englands Handelskrieg i*nd die 
Chcraische Indu.smc,’' vol. iii. (Stuttgart, 1919), pp. 75-98. 
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utilises for this purpose 250,000 h.p. In that locality the cost of a 
horse-power year is less than 20 marks (£1). Even at accost of 40 
marks (£2), •the acid which is produced could still compare in price 
with that produced by other processes. Concentrated nitric acid 
can, however, only be .transported in aluminium tank waggons, or 
in iron tank waggons when mixfcd with sulphuric acid. It is un- 
suitable for the manufacture of fertilisers, as neither th§ calciun^nor 
the amrnonium salt can readily be used in certain mixed fertilisers 
which are demanded by American agriculturalists. On the assump- 
tion that the yields which are obtained arc as good as those in Norway, 
the arc process requires 2-33 h.p. years per ton of dilute nitric acid. 
In order to sui)ply the peace domands of the American Covernment, 
50,000 h.p. at least would therefore be necessar\^ whilst in war the 
necessary amount would be 440,000 h.p. In practice these minimum 
figures would be raised to 75,000 and 555,000 h.j). res])ectively. It 
* would be advisable to"* unite the production of arc niti4c acid in the 
same works^with the manufacture of explosives, and the locality 
should be chosen with due regard to the freight charges for benzene, 
toluene, alcohol, glycerine, acetone, sulphuric acid, cotton, etc., and 
to the convenient transport of the explosives. An arc plant which 
would be sufficiently large to supply with certainty tlv' ^’''mand of 
the American home requirements in war time w(tuld have to be 
closed for the greater part in time of peace. 

In Parsons’ report the Haber-Bosch process is stated to be the 
cheapest of the fixed ammonia processes which were then practised. 
One j)ound of liquid anhydrous ammonia is stated to have been 
manufactured in Gormany before the War for 4 cents. One of the 
main elements of the cost is the manufacture and 2 )urification of the 
hydrogen. “ The technical control of the lrla))er 2 )rocess re( 2 uired 
so greqjb an experience and degree of skill that if the j)res(Mit direeding 
•forces of the B.A.S.I^. were lost, many months would be reifuircd 
in order to rejdace them by othei» leadershi}), equally capable of 
technical din'ction of the proett^s. At the present time the process 
is not practised outside (Germany in cousequenf;e of lack of experi- 
ence with regard to the ])lant and method of working, and of the 
large royalties which are demanded by the B.A.S.I. It appears 
more than probable that after the end of the War the B.A.S.b. will 
work this 2 >rocess outside Chu’inany. The process is inde|)ondent of 
cheaT) power, as the j)ower costs are uni1nj)ortant. ^ 

The cyanainide j[)rocess requires cheaj) j)&wer. It onl}^ requires 
one -fifth of the power per ton of fixed nitrogep which is required 
by the arc process. At a power cost of approximately 33 to 34 marks, 
(£1 lis. to £1 145 .) iier horse-power year, the production cost of 
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ammonia from cyanamide would amount to 1 to 2 cents to Id.) 
per pound more than by the Haber process. As, however, the licences 
are very much more favourable in this case, and there ale sufficient 
experienced engineers and experts who can erect such a plant, the 
calcium cyananf'.ide industry might at that time be considered to 
offer the most favourable prospects. ‘‘If an ddcctric power station 
were- built by. the Government of the United States, and the power 
were used for the fixation of nitrogen, the cyanamide process 
would present advantages over all other processes so far practised, 
and should therefore be accepted as the best process for the fixation' 
of nitrogen when using electrical energy from water power.’' 

“ Ground cyanamide is a very dusty,*’ unpleasant product and must 
be treated with oil or by a special granulation process in order to be 
used as a fcitiliser. By these means the dust-producing properties 
of the product are considerably reduced.” 

“ Cyanamide has not been received with' favour by American 
users, in spite of its good fertilising qualities ; moreover^ it is on the 
whole relatively unsuitable for addition to mixed fertilisers, 
such as are required by American agriculturalists. In Europe 
it can be utilised more successful!} , as the cheap cost of labour 
enables the European farmer to spread each fertiliser on his field 
unmixed and at the proper time. In order to supply 20,000 or 
180,000 tons of nitric acid respectively, 11,000 or 99,000 h.p. respec- 
tively must be available for the cyanamide industry." “ If cyanamide 
is to be converted into ammonium sulphate, then the cost for the 
conversion of the nitrogen into ammonia before absorption in 
sulphuric acid amounts to about 1 cent, per pound. The necessity of 
converting calcium cyanamide into ammonia if nitric acid is ulti- 
mately to be jiroduccd, is largely r(^si)onsil)]c for the difference in 
the production costs between the calcium cyanamide and the fla^ber- 
Bosch processes.” „ 

The production of ammonite or its salts as by-products of the 
coking industry is of exceptional economic importance. The 
quantity of ammonia which has been obtained from this source in 
the United States during the last two years has increased to a 
degree which would have been considered impossible a short time 
ago (see p. 288). By the end of 1917 115,000 tons of ammonia, 
equivalent to 450,000 tons of ammonium sulphate, will have been 
produced during the year. For military purposes, 6,000 tons in 
peace time and 55,000 tons of NH 3 in time of wai; would be sufficient. 
In the twelve tb thirteen months preceding January, 1917, more than^ 
$50,000,000 of new capital was invested in by-product p’ants. 
Ammonia from coke-oven gas must alwaj'^s be purified before it can 



PARSONS^ REPORTS 


275 


b© further oxidised to nitric acid. The costs of such purification are 
very small. In cases where purification plant was installed in con- 
junction with the original ammonia absorption plant, the cost 
represents only a fraction of a cent per pound, compared with the 
production costs for crude ammoniacal liquor. Thejmain impurities 
removed are COg, HgS, and ifCN. Oxidation units are readily 
attached to existing by-product plants, and as these \attejr are dis- 
tributed^ over various parts of the country there would be a con- 
siderable advantage from the standpoint of military defence in the 
•lack of centralisation. On the other hand, the utilisation of by- 
product ammonia for oxidation to nitric acid suffers from the great 
disadvantage that the sale pride of ammonia is itself high. The use 
of ammonia would, therefore, hardly be practicable if s])ecial price 
concessions were not made to the Government. The conditions are 
more favourable for ammonia from cyanamide or produced by the 
Haber process, as these would be manufactured in sj?ecial Govern- 
ment plants^ in the erection of which purposes of national defence 
would be the prime consideration. The present cost of pure am- 
monia as a by-product of the coking industry is, however, much 
lower than the cost by any other process. 

The very interesting cyanide process (see p. 287) i;, (iiily dis- 
cussed in Parsons’ second report of April 3()th, 1917. In the first 
report he merely mentions that it should be possible to produce 
fixed nitrogen more cheaply by red-hot mixtures of soda, coke, and 
so forth, than by the known synthetic methods. Small plants were 
already operating this process in 1910 -17, but the mechanical 
difficulties of large-scale manufacture still remain to be overcome. 
The American mining industry woiild always provide a market for 
cheap cyanide. 

Ammonia oxidation processes were first used in the form 
developed, by Landis of the ^American Cyanamide Company at 
Niagara Falls and at Warners, * and of the Ostwald-Barton 
process of the Nitrogen Produfjts and Carbide (Jonfpany. Aceprd- 
ing to Parsons this latter process was, in 19i0 17, undoubtedly 
superior to' any competing methods, including the German Frank- 
Caro method, with regard to economy and importance. 

“ By the oxidation of ammonia, nitric oxide is obtained at a far 
greater concentration than by the arc process. (Consequently, a 
much smaller surface is necessary for af)sarption in the tow(yrs, in 
which a much stronger acid can immediately be obtained. When 
^the arc process is used, tower acid of 30 to 35 per cent. HNO3, 
*corresj)onding to 22-5° to 26 0° B6., must be concentrated, whilst by 
ammonia oxidation, tower acid of 50 to 55 per cent. HNO3, or 34*6'^ 

18 -a 
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to 37® B4. can be obtained, the further concentration of which is 
relatively Bimple.” 

Parsons also gives certain details regarding a method developed 
in Sweden, according to which ammonia or cyanamide is oxidised in 
solution to ammonium nitrate, which is then obtained as such by 
evaporation of the electrolyte, or may be converted into nitric acid. 
He is unable to give details with regard to the process. A plant was 
to commence manufacture near (iothenburg in the summer, of 1917, 
and another larger works was erroiK'OusJy said to be projected in the 
neighbourhood of Berlin. * 

It is impossible to discover the basis of this information. In any 
case, no large plant near Berlin was built. There is nothing new in 
the fact that ammonia can be oxidised to ammonium nitrate under 
certain conditions, as such electric oxidation has alread}’ been 
described by E. Miiller, Spitzer, Broch(‘t, Boiteau and others.^ 

Parsons finally concludes that for America “ the most important 
jiroblem is to cnsiue a sullicient reserve ot nitrate, and for that 
purpose to arrange for the control of the most suitable method of 
oxidising ammonia and to train tlu^ necessary staff for the erection 
of such plant and for* the proper control of all operations in such 
ammonia oxidation plants.’’ 

“ The cost of nitric acid itself, apart from its concentration, is 
lowest when the arc process is used, if water power is available at a 
cost of not more than 40 marks (£2) ])er horse-power ^year. The 
transport difficulties, the large power requirements, and other 
economic reasons make this jn'occss unavailable under American 
conditions.” 

The cost of nitric acid nianufacduie by the oxidation of ammonia 
depends on the juoduction cost of ammonia itself. This is at present 
in no sort of i elation to the sale price. The working costs of recovering 
and jmrifying ammonia from coke-oven gases aue lower than those by 
any other process. The sale ]Vjice of this by-product ammonia is 
entirely indepertdent of comjiotition With other nitrogen compounds, 
and has therefore in the jiast be'cn almost entirely controlled by the 
price of Chile nitrate. “ Even though ammonia produced by the 
Haber i)rocess were marketed at a price of 4 cents per pound, it 
would still be possible for the producers of by-product ammonia to 
sell this at a profit. The cost ])rice is in this case merely a question 
of bo(^k-keei)ing. 'The sale price will in the future, as in the past, 
depend on the (competition by other nitrogen compounds. By the 
Haber process * synthetic ammonia can be more cheaply produced^ 

^ Zcitsch. f. Ehktrochfm.y 1905, p. 917; Ber., 1.900, p. 166; Zeilsch, f, EUkhvehem,, 
1906, p. 637 ; ZUj., 1609, p. 629. 
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than by any other synthetic process, and this is already^being done. 
The cyanamide process takes the second place. Should the 
mechanical difficulties which have still to be overcome be solved, 
the cyanide process (January, 1917) would provide ammonia more 
cheaply than is posf^iblc by the Haber or cyanamide processes. 
Thus the possibility of competing with by-product ammonia is 
assured.” • . 

When Parsons wrote his first report on January 27th, 1917, he 
was convinced tliat the Haber and cyanide processes woiild sooner 
or later be introduced in America, and that it would therefore be 
unwise to devote large sums to the expensive arc or cyanamide 
processes. He therefore arrived at the conclusion that the ammonia 
oxidation plants should be extended and that sufficient stocks of 
Chile nitrate and platinum should be a(!quir(Hl. 

The development, of the nitrogen industry in tho^ United States 
was then so rapid that on April IlOth, 1917, Parsons found it necessaiy 
to make A second re]>ort to the (brnTiiment.^ Meanwhile the 
ammonia oxidation plant at Syracuse had work(Ml very satisfactorily, 
and successful attempts had also been made at Lauiel Hill to replace 
platinum by other contact materials. Still greater successes were 
reported by the (Jeneral (keuiical (\)mpany, tbp work of which 
Parsons describes in d(‘tail IJiis latter compaTiy had been occupied 
since 191,‘{ with the develojnnent f)f a synthetic ammonia process 
directly fr«in the elements, similar to that of Haber. In April, 1917, 
an experimental plant o])erating tboir process was fully active. Ihe 
General Chemical Company were ])reventtal from irumediately 
erecting a large plant by the extraordinarily increased costs of 
building materials and other difticulties. Their President, William 
H. Nichols, offered to hand ov(^r the ])lans and (experimental results 
to tfie American Government. Detailed consultations fallowed 
between ’him, tlu^ Bureau of* Mii:^'s, and the Miiiistry of War in 
April, 1917, in consequence of^which the General (-hemicul (k)mpany 
gave their results to the Govcmmint confidentially, free of •cost, 
and promised their co-o])eration in tlu^' erection of works. Two 
projects were submitted, otk' for a plant for the manufacture 
of 27 tons of NH 3 daily, and the other for an (Output of only 0-8 tons 
daily. The general opinion was that the 27 -ton plant could be erected 
at^ cost of $:i,()() 0 , 000 . The maiiufaoturing cost of ammonia was 
estimated to be less than 4 cents per pojin(!,«if $0 per ton wasfillowcd 
for repairs and 12 ? per cent, of the installation cost; for interest and 
amortisation.* The outgoings f( 3 r repairs, interest, and amortisation 
wer» estimated at 50 per cent, of the cost price of^thc ammonia'; 

^ J. Ivd. Chern,, 9, 839-884 (1917). 
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overhead charges and other expenses were estimated at a further 
$3 per day. In 1917 the small 6*8-ton plant was estimated to cost 
$1,100,000, including land and buildings, and to be capable of 
supplying annually 2,450 tons of NHg, or 7,900 tons of 96 per cent, 
nitric acid at a conversion yield of *S5 per cenc. The power require- 
ments were estimated at about 500 h.p. 

On the bgCsis of the project supplied by the General Chemical 
Company, which incidentally had been in relation with the B.A.S.F, 
before the War, Parsons made the following j)roposal to the Govern- 
ment ; he proposed that the Government should decide on the 
construction of the 27-ton plant, for which the War Ministry should 
supply $3,500,000 and conclude an agreement with the General 
Chemical Company, acc^ording to which a royalty per ton of fixed 
nitrogen should bc‘ paid to the General Chemical Company on that 
portion of the ammonia only which the Government did not wish to 
utilise for its own jmrposos, but decided to sell. He recommended 
that the new works should be erected in the neighbourhood of the 
sulphur and coal mines of South-western'Virginia, or iinthe neigh- 
bouring district of West Virginia. 

Parsons' report also discusses the cyanide process of J. E. Bucher 
(p. 2S7), on which Edward E. Arnold, President of the Nitrogen 
Products Company, reported very favourably. In 1917 the Nitrogen 
Products Company were running two experimental plants, one at 
Saltville, Virginia, working wdth a coal-fired furnace, and the other 
at Niagara Falls, with an eleci^rio furnace. Both plants were in- 
spected by a (h)vtTnnient commission in April, 1917. The Nitrogen 
Products C/ompany offered th(‘ eyanidc j)rocess to the Government 
for its owm use on the same conditions as those of the General Chemical 
Company. Parsons considered it necessary to advise that a large 
plant .should not be built at the moment, pending the result of ffirther 
experiments. He recommended that such ex]:)eriments should be 
carried out by the Government on a large scale at a plant to be built 
at Saltville, Virginia, at a cost of $200,000. 

As a conclusion to his report. Parsons gives an estiniate of the 
installation and working costs of the various ])rocesses in 1917. 
The table is reproduced on p. 279, with the original figures, which 
refer to 1 ton of nitrogem. 

The relative costs of the various nitrogen processes were 
discussed by F. S. Washlhirn, W. S. Landis, E. Kilburn Scott ^ and 
others. Kilburn Scott gives the following figure# for the totaj yield 
per kilowatt year (1 ton of coal = 1,500 to 1,600 k.w.h.): — 

^ Lectures before the American Chemical Society and the Society of Chemioal Iniustry. 
J. Soc. Chem. huh 1917, p. 771 ; Chnn. Ztg., 1916, p. 643 ; 1916, p. 971. 
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Kilburn ScoWs figures. 

(а) Arc Process. — One kilowatt year yields 130 kg. of fi^ed nitrogen. 

(б) Cyanamide Process. — One kilowatt year yields 380 kg. of 
fixed nitrogen. 

(c) Haber Process. -•-One kilowatt year yields ^30 kg. of fixed 
nitrogen. 


Parsons’ fi,gures {per ton Nitrogen). ^ 


• 

1 Arc Process 

1 (’yanamide 
Ammonia. 

1 

1 Haber Process 

General 

Product. , 

I SSperoient. 

i 35 per cent. 

Chemical Com 

Power requirements 

1 HNO 3 . 

! 

. 


NH 3 . 

pany. NHg.^ 

in horse-power 

ior> 

i 2-2 

1 • 0-2 

i 0-2 

Capital outlay 

1,420® 

440® 

! 540 i 

i 300 

Production cost in i 

dollars ^ 

• 

i 170 

i 

150^ 

1 96 per cent. 

119 

nitric atfid. 

1 

Required ^ower in 



j 

horse -power 

lOH 

# 

2-3 

' 0-3 

0-3 

Capital required . 

1,550 

' 070 

' 570 

! 520 

Production cost iu 


' 



dollars ® 

220* 

270 

1 239 

217 


The arc process yields GOO kg. of nitric acid fier kilowatt year, 
equivalent to 130 kg. of nitrogen; the cyanamide process requires 
2 kw. years of electrical energy per ton of fixed nitrogen, and 3 to 3*5 
tons of coal; and the Haber process requires, for the same quantity of 
nitrogen, 6-5 to 7 tons of coal, inclusive of the amounts required for 
the production of the necessary hydrogen and nitrogen. Landis sum- 
marises the fixation capacities of the works in all countries as follows 



1913. 

Tons N. 

1915-H>. 
Tons N. 

Cyanamide plants 

59,490 

190,00^] 

Arc plants . • . 

16,915 

27,570 

Synthetic ammonia i)lants • . 

7,300 

54,430 

Total . . . 

83,705 

. • 272,000 


^ The estimates of the (ieiicral Chcniical C’oini)aiiy arc based on constructional costs 
ill 1917 ; the other figures are based on normal jiriccs. 

The power plant is hero assessed at. .$100 per horse-po>"cr. 

® U’he amortisation for the calcium cyanamide process is based on the data supplied 
by various companies ; for the Haber process 20 per cent, of the installation coat is allowed 
for repairs, interest, and depreciation. Amortisation for the arc process and modified 
Hazier process is estimated at 1 2 ]xir cent, for interest and depreciation, plus $5 per ton 
for repairs. • 

* $122 for cyanamide manufacture, plus $28 Jor ammonia manufacture. 

® Excepting in the^ase oi the arc process, an ammonia plant is hero included in the. 
caloulal^ioiis. The additional charges arc $10 for power, $140J[or oxitiation and absorption, 
$40 for concontration, and $40 for the stcitm -raising plant. 

® Excepting in the case of the arc processes, these figures also include costs for the 
ammmiia plant. $60 is allowed for*ammonia oxidation, and $70 foj concentration. The 
cost of the unoxidised ammonia ivaa*not included. 
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According to Landis and Washburn, in order to produce 180,000 
tons of concentrated nitric acid there are required 540,000 h.p. of 
electrical energy and $80,000,000 installation cost by the arc pro- 
cess, and only 100,000 h.p. and $30,000,000 by the cyanamide pro- 
cess, the installa>tion cost per horse-power bcin'g assumed to be $100, 
In the United States in 1916-17 I h.p. year from water-power cost 
$12 to $J0 as against $3 to $6 in Norway. For this reason the 
LTnion Carbide Company acquired water powers in Norway*. Most 
of the large and cheap water-powers* in the United States were 
a(’.quired in 1917 by the Aluminium Company of America. 

The reports of (3iarles L. Parsons, which display very exceptional 
exjiert knowledge, became the basis for the establishment of the 
Government Nitiogen Industry in America. Charles L. Parsons 
meanwhile retired from liis position as chief chemist of the Bureau 
of Mines in order to devote himself completely in the future to his 
duties as Secretary of the American Clicmical Soci(dy.^ 

In 1916 the Norwegian engineer, Fvst('in Berg, also Studied the 
processevs of the European nitrogen industry on btdialf of uhe United 
States (lovernmf'nt. Tn the second lialf of 1917 the x\ir Nitrate 
Corporation was fornKul as a com[)any affiliated to the American 
Cyanamide (^ompany, and uas commissioned by the Government, 
whicdi advanced it $20,000,000 in the first instance, to erect and 
control plant for the production of cyanamide and ammonium nitrate. 
It was decided to build three Government works, of which one was to 
be at Muscle Shoals on tlic Tennessee Piver, North A]a])ama, a second 
at Cincinnati, Ohio, and a third at Toledo, Ohio. Tn 1917 the erection 
cost for all three works was estimated at $75,000,000, and the works 
had been, or wore to be taken over by the (lovernment. The experi- 
ence of the C^yanamide Company was fully utilised. As already 
mentioned, this company had commenced in the spring of lffl5 to 
convert considerable quantities of cyanamide 4nto ammonia, and 
further into ammonium nitrate, and carried out these processes later, 
in PJ17-18, on a large scale. The })atents relating to the dccom- 
})osition of calcium cyanamide were all (^(mtrolled by the American 
Cyanamide (Company. It was absolutely eJe^ar from the plans sub- 
mitted to the Ordnance Department in 1917 that it should be 
possible to erect large works to operate the cyanamide process within 
twelve months. The erectipn costs constituted a fraction only, of 
the anwDunt necessary fqr the exPmsion of the necessary coke-oven 
by-product plants. The first plant, the crcctmn of which was 
commenced, was thc'U.S. Nitrate Plant No. 2 at Muscle Shoals. 
Westinghouse, Church, Kerr and Company erected the power pj.ant, 

^ Chpm. Ztg., 1920, p. 30. 



MUSCLE StiOALS 


281 


whilst the Chemical Construction Company supplied the bulk of the 
chemical plant. Muscle Shoals was chosen as a locality for the plant, 
as it was sufficiently far from the coast to bo safe from hostile attack. 
From the transport standpoint the locality is very favourable, both 
for the supply of coal*and coke,, and also for the mjarketing of pro- 
ducts in the form of fertilisers in time of peace. The most important 
factor was the possibility of utilising the water-power of*the Tennessee 
River, c*apable of supplying 90,000 kw. normally and 180,000 kw. 
as a maximum. The available power could be increased to 500,000 kw. 
by the erection of a dam, but, as this would have taken four to five 
years to construct, a special steam-power station and a ring trans- 
mission line to the works of* the Alabama Pcpver CV)mpany were 
supplied which would be useful as a reserve later. The neighbouring 
towns of Sheffield, Florence, and Tuscumbia had only 10,000 in- 
habitants jointly. A i^omjfiete town of barnieks was therefore erected 
to house the 20,000 workpeople employed in construction, and the 
erection . of* a permanent colony for 12,000 inhabitants was com- 
menced or^ an area whiefi had formerly ])een devoted to cotton 
planting. 

The erection of the works was definitely dennded on November 
16th, 1917 ; on December 20th, 1917, the first deliveries uj' material 
were made ; on February 16th, 1918, the first sods wen? removed, 
and on November 25th, 1918, the first ammonium nitrate was 
manuf actuipod . Current had at first to be obtaincnl from the Alabama 
Comj)any, as the works power station was not y()t finished, and 
a large portion of the works had not yet attained its nicaximum 
output. 

The works lie 35 m. above the level of the river, excepting the 
power station, which lies in a hollow^ 11 m. above water level. 'J^he 
coal Aucks enter the boiler house above and the ash(‘s can be with- 
drawn below and iftilised for levelling the site, '^rho worlds are 
divided into the following sections, each of which has its own offices, 
stores, laboratories, and so forth ; — 

(1) The power station. 

(2) 'Preparation of raw^ material for carbide manufacture. 

(3) Carbide furnaces. 

(4) Carbide grinding mills. ' 

(5) Nitrogen plant. 

(6) Cyanaraide manufacture. 

(7) Cyananfide grinding mills. 

(8) Ammonia production. 

(9) Nitric acid manufacture. 

(10) Ammonium nitrate manufacture. 
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Various details will be further described in the technical portion 
of ‘this booSc.^ By November 15th, 1918, the constructional costs 
had amounted to $18,600,000, but the works were not yet finished. 
By November 15th, 1918, 34,000 men were employed. The output 
is 110,000 tona of ammonium nitrate per annum, equivalent to 
about 90,000 tons of 100 per cent, nitric acid ; no further considerable 
quantities of ciitrate were, however, delivered before the conclusion 
of the truce. • 

At the conclusion of the truce plans were ready* for three further 
plants, of whicli two were to supply the Army, and were to be built at 
Cincinnati and Toledo, Ohio. Each of these plants was to have had 
half the output capacity of Muscle SKoals. It was planned that the 
works at Cincinnati should be built first at a cost of $25,000,000. 
These plans were not carried out. The Admiralty intended to instal 
a plant at Indian Head, Maryland, to produce 30,000 tons of nitric 
acid per annum by the process of the (General Chemical Company ; 
this plan was also dropped. 

As a result of the report supplied by Ch. L. Parsons to the 
Nitrate Sui)ply Committee of the War Department (pp. 272-280), 
$20,000,000 was placed at the disposal of the General Chemical 
Company for tl:^ establishment of an ammonia works using their 
modified Haber process ; this was done even before the erection of 
the Muscle Shoals plant was decided on. The General Chemical Com- 
pany’s plant was known as U.S. Nitrate Plant No. Sheffield, 
Alabama ; it was intended for an output of 22,000 tons of NHg 
per annum, and cost $3,000,000. The process met with so many 
difficulties that it had to be stopped after operating foi* a very short 
time, including several useless experiments. No ammonia what- 
soever was supplied by the plant. At the commencement of 
1919 it was decided to despatch a commission of experts td Ger- 
many to acquaint themselves with the details ^f the working of the 
Haber-Bosch process at Oppau in the occupied area, so that this 
might be translerred to America. Apart from the synthetic am- 
monia plant, there is also at Sheffield a large ammonia oxidation 
plant with an annual outjmt capacity of 15,000 tons of 100 per cent, 
nitric acid which utilises the Landis catalyst of the American Cyana- 
mide Company. The elements contain unheated catalysts con- 
sisting of several layers of platinum gauze rolled into cylin^iers 
whiehtare welded together at various points. With these platinum 
contacts a velocity of the ammonia air mixture ‘can be maintained 
which is several tim^s higher than when electrically heated contacts < 

1 See Chem, and Met. Eng., 1919, p. 9; EUetT, World, 1919, pp. 677, 729 Chem. 
Zentralbl, 1919, ii., 836-837. 
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are used. The reaction is first started by heating, and then main- 
tains itself. Nitrate Works No. 1 was producing in but the 
oxidation plant had to utilise ammonia from elsewhere, as no ammonia 
could be produced in the works. 

The American Government^ has so far invested a total of 
$116,000,000 in the nitrogen industry. It originally intended to 
carry all the proposed plans to completion, in spite of the conclusion 
of peace, so that agricultural interests might be supplied with 
^fertilisers, but this plan was departed from in December, 1918. 
Since that date Plants 1 and 2 only have maintained production, but 
not continuously. It was found that at Muscle Shoals the pro- 
duction cost of ammonia in 1?)18 was 16*7 to ly-O cents per pound, 
when power was obtained from coal, or for 13 0 cents per pound 
when water-power was used. These figures do not, however, allow 
for any amortisation, of the capital cost. This amounted to about 
$30,000,000, which figure includes the cost of land, housing, and so 
forth. The normal sale })rice of ammonia in 1918 was fixed at 
24-0 cents# At the request of the War Department, the Ignited 
States Department of Agricidture also experimented on the Haber 
ammonia synthesis at their agiiciiltural station at Arlington in 
Virginia. These experiments are said to have giv^^n good results.^ 

At the end of 1919 Senator Wadsworth proposed in Congress 
that a central office for the nitrogen industry should be established, 
with reseajoh laboratories and so forth, as a precaution in case of 
war. Early in 1920 a Bill of much wider scope was submitted to 
the Senate and the House of Representatives by the War Dej)art- 
ment. The proposal was to establish a United States Fixed Nitrogen 
Corporation for the fixation and utilisation of atmospheric nitrogen 
for military, agricultural and industrial purposes. It was proposed 
that fflie necessary funds should be su})plied entirely by the Govern- 
ment. The purpose* of the company is to build, direct, and extend 
the Government nitrate plants at Sheffield and at Muscle Shoals. 
It was proposed that it shouTd acquire under the same conditions 
the research laboratories at Washington, the Waco limestone 
quarries at Alabama, and the Warrior River electric power station 
of the Alabama Power Company. The water-power plant at Muscle 
Shoals was also to be handed over the company on completion. 
Th^ company was also to ac([uire relate^] patents and processes, and 
to export any surplus production which ft^ might be imposj^ble to 
dispose of in the ¥nited States.'- The uitention of the Government 

to utilise their nitrogen plant in this manner* and to manufacture 

• 

‘ Umichan, 1919, p. 7. 

> Ghent. Ztg., 1920, p. 204. 
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fertilisers, more particularly ammonium sulphate, elicited very 
lively protests from the American fertiliser manufacturers.^ They 
defended their standpoint by the following considerations : — 

“ The utilisation of the electric turbine powder plant of 120,000 h.p. 
at Muscle Shoals and the extension/)f the Wilson Dam power station 
at that locality to supply in the first instance 100,000 h.p., and later 
275,000 h.p-,«for the manufacture of fertilisers from atmospheric 
nitrogen would constitute unfair competition on the part of the 
Government, as the Government works are supported by the com- 
munity, and do not therefore have to write off sums for depreciation, 
interest, and so forth, as is the case with private undertakings ; 
moreover, they woi^ld be free from all taxation. Apart from this, 
the market is in any case sufficiently su})plicd with ammonium 
sulphate, and in the future it would be possible to obtain such 
quantities in Euro])e as wore needed in Amer^ica. Therefore it is a 
waste of money further to develop the power station. The Govern- 
ment should content itself with accumulating such stocks of Chile 
nitrate as might be necessary for war (jontingencios. #- Instead of 
damaging the private fertiliser industry, which employed a capital 
of over $300,000,000 in 1010 and had an output of 7,000,000 tons, by 
anti-capitalistic legislation, the (Jovernment should rather assist 
the development of the same." 

dust before the close of the War tlie works at Muscle Shoals 
were producing 270 tons of ammonium nitrate daily! The am- 
monium nitrate works j\t Perry ville, Maryland, built by the Atlas 
Powder Company with (h)vernment support, is still larger. It 
started operations on duly 20th, 1017, after liaving been built in 
100 days only. Th(^ plant employed 100 officials and 1 ,800 labourers, 
and during the short period during whi(di it w^as working it pro- 
duced 300 tons of ammonium nitrate daily, (umtaining an aVerage 
of 94 per cent, of NH4NO3 and 2 per cent, of moisture ; it was closed 
at the conclusion of the truce. Ammonium nitrate was produced 
at ^kn-ryville by double decomposition of 300 tons of (NH4)2S04, 
from by-product plant with 350 tons of C3iile nitrate. The process 
used was that of Freoth and t^oeksedge (U.S. Patent 1,051,097 of 
1913), which resembled U.S. Patent 864,513 of 1917 and German 
Patent 184,144 of 1905, accoiHling to which the German firm of 
R. Wedekind & Co. manufactured about 1,000 tons of ammon^ium 
nitrate* per annum twelve years ago. This reaction is the subject 
of many other patents, ^ and is also employed cAi a manufacturing 
scale by Brunner Mo^nd & Co., Ltd., in England. 

' ^ Mi‘taUh(irs(‘, 1920, j). 9(»1. y 

“ Sec* JlertolHiraiiii, “ Animoiiiumvcrbindungen,” in Ullinaim’is “ Eiicyolopasdia,” 
vol. i., i)p. 401-402. 
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In Perry ville 4-5 tons of calcined soda are used daily for 
neutralising the ammonium sulphate and purifying the Chile nitrate, 
'The buildiifgs are constructed of ferro-concrete and hollow bricks, 
and the floors which conic into contact with ammonium nitrate from 
the pumps and filters are covered with tiles. The storage sheds for 
raw materials consist of ten-sided and eight-sided buildings with 
steep pyramidal roofs, with a bucket elevator ascepdin^ to the 
coping. .The two largest sheds ea(^h hold about 1,000 car-loads of 
nitrate. The crude nitrate is refined on arrival in a six-stage Dorr 
•classifier with Oliver filters. The decomposing vats are arranged 
in two buildings between which the vats for the mother liquor are 
located. Each building contains orui battiuy of eight horizontal 
reaction cylinders in series, together holding 450 tons of solution. 
The head between th(^ individual vessels, of which the three last 
proved to be superfluous, is about 0-5 m. ; 225 kg. of sodium nitrate 
and ammonium sulphate per minute are introducod^into the first 
cylinder by, automatic weighing machines. The hot liquor is first 
Vigorously stirred and heated by direct steam. Grc^at difficulties 
were met with in connection with the packings and pumps ; ferro- 
silicon did not prove suitable, ort account of its considerable fragility ; 
the most suitable packing materials proved to be asi t,.c.ios wool 
impregnated with graphite and lightly coat(id with soap. After the 
reaction has occurred, the salt solutions arc evaporated in vacuum 
pans. Anhydrous sodium sulphate separates, and is filtered on 
twenty continuous Oliver filters. At temperatures below 33"" C. 
the hydrated salt separates. The rotary cylind(u* of the Oliver filter 
is covered with aluminium gauze of 0 mm. mesh, over which is placed 
a woollen filter-cloth, which is held in position by strong monel 
metal wire at intervals of 4 mm. Mojiel metal is su2)plie.d by the 
Oxford Copper Comi)any, and contains 70 per cent. IMi, 28 0 per 
cent. Cu,. and 1 cent. Ee. Cotton filter-cloths are i!*cij)idly 
destroyed, but the woollen cloths fast for one week, and cost $07 
per filter. The aluminium aifd the monel m(dtd last indefinitely. 
The separated sulphate is washed with distilled water, refiltered, 
and carries to the storage bins on a belt (conveyor. Belt conveyors 
were also found excellent for the transport of tire nitrate, ammonium 
sulphate and soda. The li(iUor from the Olivej- filter flows into the 
crystallising plant, wdiich is housed in two sheds. Each shed con- 
tains four divisions, of which each contiiins 15 row^s of yystal- 
, lising pans, 8 in •each row, arranged* in steps, and each holding 
1 M3 cu. m. ;• 120 of these crystallising pans are filled per hour. In 
* each division there are four Carrier regulators, which accurately 
control the temperature ancl degree of saturation of the afr. The 
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temperature of the crystallising boxes must be maintained at over 
20° C., as at'a lower temperature sodium salts would also be separated. 
The mother liquor passes from the boxes into storage irats. It is ^ 
concentrated in three vacuum pans, each holding 25-5 cu. m., and 
then returns into the circuit. The ammonium nitrate crystals are 
washed with condenser water and passed by a belt conveyor into 
32 Tolhurst centrifuges with bottom discharge. In these 
the water contents are reduced to 2 to 3 per cent. The .finished 
ammonium nitrate falls out of the centrifuges on to a belt conveyor, 
which carries it into raised bins, from which the railway trucks are ‘ 
filled. Latterly ammonium nitrate has been recommended in 
America as a fertiliser. In view of the present high freight rate, it 
is very suitable as a fertiliser for the tropics, on account of its large 
content of nitrogen.^ 

Apart from the Dxi Pont Company, of Now York, the General 
Chemical Company of New York is the most important chemical 
enterprise in the United States. In December, 1919, *it acquired 
the plant of the Western Chemical Company of Denver for* 
$2,000,000, and now owns works in the following localities : Balti- 
more (Maryland), Bay Point (Cal.), Bayonne (N.J.), Buffalo (N.Y.), 
Chicago (III.), Camden (N.J.), Chicago Heights (111.), Claymont 
(Del.), Cleveland (Ohio East), »St. Louis (Ill.)j Easton (Pa.), Edge- 
water (N.J.), Laurel Hill (N.Y.), Newell (Pa.), Passiac (N.J.), 
Pulaski (Va.), and Denver (Col.). 

Under the auspices of its President, W. H. Nichols, the General 
Chemical Company acquired a considerable influence in the National 
Aniline and Chemical Company during the War ; this latter com- 
pany was founded with German capital.^ In 1920 a formal amal- 
gamation took place of the General Chemical Company, the Barrett 
Company, the Semet Solvay Chemical Company and the National 
Aniliiio Company. The new company is said to have a capital of 
$350,000,000.’* Its yearly income must be about $30,000,000, of 
which about $12,000,000 may be ascribed to the National Aniline 
Company. 

At the Laurel Hill (N.Y.) works of the General Chemical Com- 
pany the first experiments were made with the modified Haber 
process working at lower presjsures, later results with which, at 
the Government plant at Sheffield, Alabama, were very bad. 
The catalytic oxidation of ammonia is also carried out at Laurel 
Hill. The further progress bf the experiments resulted in so many ^ 
points of contact with the Semet Solvay Company’s work on am- 

1 Chem. Met. Eng. 20, 320^326 (1919) ; Chem. Zetiiralhl, 1919, iv., 430. 

- Chem. Zig.y 191 S, p. j502. 

® Zeitsch. /T angew. OKem., 1920, ii., 299. 
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monia oxidation at Syracuse (N.Y.) that a new company, the 
Atmospheric Nitrogen Corporation (of Manhattan), was^ounded,in 
'1920 by the General Chemical Company and the Solvay Process 
Company with a capital of $5,000,000. The Atmospheric Nitrogen 
Corporation (of Manhs^ttan) intended to erect a lar/je experimental 
plant at Syracuse, co>^ering 50 acres, at a cost of $ 1 , 000 , 000 . It was, 
however, considered that the results obtained in the irjterval would 
enable ^satisfactory manufacture by the synthetic process of the 
General Chemical Company to be achieved ; this process was due 
'^to de Jahn,^ and is very similar to the Haber-Bosch process. It was 
intended that the Syracuse plant should produce 9 tons of NHg 
daily. Electric power is supplied by the Niagara, Stockport and 
Ontario Power Company. Up to date, however fat the end of 1921), 
no success has been achieved. 


When discussing Parsons' report we mentioned those processes 
which fixed nitrogen m the form of cyanide by the action of atmo- 
spheric nitrpgen on alkalies, carbon and iron at a high temperature. 
The Nitrogen Products Company is operating two experimental 
plants at Saltvillc, Virginia, and Niagara Falls, Ontario, which* are 
working by the process of J. E. •Bucher. ^ In the second half of 1918 
the Saltviile Works were extended to manufacture 10 tou > of NaCN 
per day to be used for purposes of gas warfare, the process still 
presented manufacturing difficulties, and the optimistic view of 
Parsons (p. ^ 275) was not fully confirmed. Bucher’s process does not 
merely consist in the production of cyanide, but decomposes this pro- 
duct further with steam under pressure according to the equation : — 
NaCN + 2 H 2 O = H.COONa -f NH 3 . 

The Air Reduction Company, of Jersey CUty, N.J., also produced 
a similar process for fixation of nitrogen, according to which cyanide, 
ammciiia, ammonium salts, formates, formic acid and esters are 
actually produced cyi a manufacturing scale. A portion df the 
formate is converted into oxalate \>t oxalic acid, according to the 

oqi.tion:- 2N»00 Ch‘= NaftO, + H., ‘ 

hydrogen b^^ing obtained as a by-product. In a special report of the 
U.S. Tariff Commission ^ the following statement is made : “ The 
development of this whole branch of industry was hindered during 
the War by the fact that it was classified by the War Department as 
inessential, and could not therefore obtain raw materials and labour ; 
the United States should, how^ever, cstablisii a formic and '‘oxalic 
* acid industry, independent of foreign sources, by imposing suitable 

^ i Chem. Ztg. 1920, pp. 596, 720. 

* J. Ind. Eng. Chem., 19J7, p. 233 ; Eng. Min. Jonrn., 1917, p. 63. 

> Chem. Ztg., 1920, p. 583^ • j 
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import duties, more particularly on sodium formate.” The duty on 
this product is at present cents per pound. From July 1 st, 1913, 
to June 30th, 1914, the United States imported 508 tons of formic 
acid, of which 85*7 per cent, came from Gkjrmany ; in the three 
succeeding year§ the imports diminished considerably, being 242*68 
tons in 1914-15 ; 59*88 tons in lOl/f-lO, and 174*64 tons in 1916-17. 
During this period the average value has increased almost six-fold. 
836 tons of technical sodium formate were imported in 1913-14, 
almost exclusively from Germany. 

According to various Press articles, ^ the following companies are ’ 
also active in connection with nitrogen fixation : The Standard 
Electric Power and (3iemical Company of Vancouver, Washington, 
on the Deschutes T^iver ; the International Nitro-Fix Company of 
Wilmington, Del. ; tlie Arnold-Hoffmann Company of Providence 
(Rhode Island), and the Mathieson Alkali Company Niagara Falls. 
The two lattek firms intend to produce synthetic ammonia. Their 
processes have been produced by Edward E. Arnold ai:^d by M. J. 
Chaley respectiv(dy, the latter being the head chemist of the 
Matliieson Ck)inpany. A plant is Ixung built at Niagara i'alls which 
is to manufacture 10 tons of NH 3 daily. 

The rapid development of tlu^ Atmosj)hcric Nitrogen Industry is 
exceeded by the large increase in the development of by-product coke 
ovens . 2 The coal production of the United States was as follows : — 


Year. 


Har<l coal. 

Sliori tons. 

Soft coal. 

Short tons. 

1916 


88 , 000,000 

503,000,000 

1917 


100 , 000,000 

552,000,000 

1918 


99,000,000 

579,000,000 

1919 


88 , 000,000 

458,000,000 

1920 


89,000,000 

557,000,000 

In 1892 the first by-product plant was 

operated by the Solvay 


CompSlny, in order to produce the ammonia uf'cessary for the am- 
monia soda proc^ess. Tlie development of ammonium sulphate 
manufacture is .<ho\vn in the following table : — 


Year. 


A m m on i ura S alpha te 
I'rod action in ^ons. 

1 900 


58,000 

1910 


. 116,000 

1911 

* 

. 115,000 

1912 


. 149,700 

1913 

< 

m f, . . 

. 176 900 

1914 


. 166,014 

191^ 


. '220,000 

1919 

• 

. 303,100 


1 Chem. Ztg., 1917, p. 480; 1918, p. 531; L919, p. 806; 1920, pp. 8, 583i 
* MetaUborae] 1921, p. 401. , 
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The indirect stimulus to this extraordinary develf^pment was 
due to England, which allowed the competition of the United States 
during the War to become as strong as possible on the world’s 
market and so encouraged a serious competitor. England paid 
extraordinarily high prices to thaj United States for ’all its products, 
and thus placed the American industry in a position completely to 
write off their newly constructed plants within one lo Vwo years. 
It is now believed that the American producers will not be able 
permanantly to dispose of the enormous quantities of benzene and 
toluene produced. 

During the War, however, the favourable economic circumstances 
enabled them to dispose of these by-products on the world market 
at extraordinarily cheap prices, as most of the plants, as already 
mentioned, are valued at a very low figure, and thus the manu- 
facturing costs of hoke, gas and ammonium sulphab? arc reduced 
very greatly. The favourable position of the American coking 
industry is'^shown by a comparison between the production of by- 
product ammonia in the principal countries in the .years 1913-14 
and 1919. 


1913-14 (approx.) 

1918 .• 

1919 (approx.) 

Difference between 
1913-14 and 1919. 




Tons. 
425, (M)0 
252,140 

380,000 


: —45,000 = 

I — 10- G per cent. 


United Stati'H. 


Tons. 

175.000 
458,525 

300.000 


-f 125.000 = 

I -f 71-5 per cent. 


Germany. 

Tons. 

; 500,000 

500, 0(K) 
1 250,000 


— 250,000 - 
-- 50 per cent. 


In America this production was distributed as follows : 


From coke ovens .... 
From gas woiks, gas producers, and so forth 


1913 

1914 

1915 

1016 

Tons. 

Tons. 

Tons. 

Tdns. 

138,799 

120,552 

159,655 

264,754 

i 38,102 

29,403 

39,916 

48,081 

jl7(i,901 

150,015 

199,571 

312,835 


Not more than 7,000 tons of syntyhefie ammonium sulphate, 
from calcium cyanftmide and so forth, were produced in the United 
States in 191 6 ; in later years tliis amount diminished still further, 
as thg synthetic ammonia was mainly oxidised to mtric acid. A 
picture of the development of* the American coking industry is 
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by the fol^pwing table/ which gives the coke production in tons 
from by-product and bee-hive ovens : — 



Cnkv i)r<Kluc 

tion in by- 

Coke product 

-ion in bee- 

Total Prodiic- 

f 

^ product 

ovens. 

i 

hive,ov 

1' 

^ons. 

tion. 

JVr cent. , 

1,000 tons. 

! Per conf , 1 

1 1 

1,000 tons. 

1 Per cent. 

1,000 tons. 

1880 


1 ; 

3,338-3 

1(^00 

3,338-3 

] 885 

— 


5,]0()-7 

1000 

5,100-7 

1890 


i 1 

11,508-0 

100-0 

11,508-0 

1893 

12-9 

; 0*1 1 

. 9,404-7 

99-9 

9,477-0 

1900 


: 1 

19,457-6 

94-8 

20,533-3 

1905 

3,4fi2-3 

10-7 ; 

28,708-8 

89-3 

32,231-1 

1910 1 

7,138-7 

171 i 

34,570-1 

82-9 

41,708-8 

1913 ! 

12,714-7 

, 27-5 1 

33,584-8 ^ 

72-5 

46,299-5 

1914 *1 

1 1,2I!»-!) 

32*5 : 

23,330-0 *! 

07-5 

34,555-9 

1915 

14,072-!) 

33*8 ; 

27,508-3 i 

00-2 ^ 

41,581-2 

1910 

1 !).0(i!)-0 

' 350 . 

35,404-0 1 

05-0 1 

54,533-0 

1917 

22,430-0 

40-3 i 

33,107-0 ' 

59-7 ) 

• 55,000-6 

1918 

2r).!)08-0 

4()0 ' 

30,480-0 ; 

54-0 

50,478-0 

1919 

1 

25,171-0 

5 ()() 

'19,050-0 i 

44-0 1 

1 

44,821-0 


111 1910 44 by-product plants treated 29,000,000 tons of coal ; 
18 further plants were being erected for tlio treatment of 
15,000,000 tons of coal annually. In 1917 the total pj\)ducti(m of 
coke was 55, 010, 000 tons from 83,750,000 tons of coal. In 1910 
nearly 20,000,000 tons of cok(‘ wt^re produced in by-product ovens 
compared v ith less than 5,000,000 tons in 1900. About 00 per cent, 
of the coke oven gas is available for other purposes.^ The number 
of plants jiroducing benzole was 30 in 1915; 39 in 1910; and 

47 in 4 1917.^ In 1917 there were 7,298 by-product coke* ovens 
coni])arcd with 0,030 in 1915 a^nd 8,137 in Il1l8. The production 
of coke in by-product ov(ais was^ 59 per cent, greater in 1917 
thapi in 1915. The yield of coke from such ovens varied in 1915 from 
00 to 77 per cent., the average being 71*2 })er (Hint., whilst^ in beehive 
ovens the j)roduction in 1918 was 59,001 tons, and the yield of coke 
00 to 75 per cent., with an average of 03-5 per cent., all the by- 
products being, of course, losf. In by-product ovens the yield of 
coke essentially depends on the composition of the charge, whilst 
in bediiive ovens it varies w^th the manner of coking. The same coal 
yields about 11 per cent, more coke in a by-product oven than in a 

^ rainjihlet of tin* firm of Koppens, 1919, No. 9; f’/tr/zt. Z/r/., 1920, pp. 31,* 
' 031, atf. 

“ Journ. f. 1917, p. 47J). 

a Chem. ZUj., 1920, p. 31. 
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beehive oven.^ In 1918 the production of the beehive ovens was 
8 per cent, less than in 1917, whilst that of the by-product oi^ns 
increased 6y 17 per cent.^ The decrease in the production which 
occurred in 1919, on account of a reduction in the demand, charac- 
teristically affected iiio beeh^e ovens almost texclusively^; it 
amounted to 36 per cent.’ 1919 was the first year in which the 
production of the by-product ovens exceeded that »f the beehive 
ovens. •In 1919 1,228 new by-product ovens were completed in the 
United States, ng that the total number of these at the end of 1919 
was about 11,200. Out of the additional 1,228 ovens, 718 were in 
new plants, and Cyli) in extensions. On January 1st, 1920, 850 b}^- 
jjroduct ovens were under construction.'* The; annual ju’oduction 
of the by-product ovens at full capacity was 33*7 million tons t)f 
coke in 1919 and 39-5 million tons of coke in 1920. The official 
estimate of the maxjmum production capacity of i>y-]>roducts for 
1919 was as follows : — 

36>3,100 tons of ammonium sulphate, ammonia and so forth. 

^)ii5 1,290 cu. m. of tar. 

321,392 cu, m. of crude tar oil. 

1^0,413,000,000 cu. m. of gas. 

The production of pure benzene was 79-6 million Iftres in 1916 and 
140*2 million litres in 1917. In 1917 about 28,000,000 litres of 
toluene were i)roduccd. The total value of by-products was 137*3 
million dollars in 1916 and more than 206*3 million dollars in 1917. 
In 1919 the total production of the*beehivc ovens was 19,650 tons, 
and in 1920 20,833 tons,^ 

Among the various systems of by-product ovens used in the 
United States the (German Koppers oven is the most usual ; in 
August, 1919, there were no fewer than 6,416 such ovcuis in the 
. United States actually working or under construction. At the 
commencement of 1915 the H. Koppers C/ompany transferred their 
head offices from Chicago to •Pittsburg, where they established a 
large central organisation. At the commencement of 1918 there 
were f),282 by-ju’oduct ovens at work. Between 1908 and 1918 
5,483 new ovens were erected, of which 4,996, or 91 ])cr cent., were 
Koppers ovens ; 72 per cent, of the l^y-product ovens in the country 
are therefore Koppers ovens. In 1920 the Koppers Company 
brought a new type of oven on to the ^larkct.** An idea may be 

1 (yicm. Ztg„ 1920, p. 631. * 

“ Zeitsch. f. aiigeir. Cfiem., 1919, ii., 287.^ 

3 Chetn. Zig., 1920, p. 646. 

« M(‘faUhor.s(>, 1920. p. 879. 

Ibid., 1921, p.*401. 

® Chetn. Ztg., 1920, p. 631. 
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obtained of the splendid development of American by-product 
woVks from the description of the plant of the Seaboard By-Product 
Company, of New Jersey, with 165 ovens, and of the Carnegie Steel 
Company, of Clairton, with 768 ovens and a daily production of 147 
tons* of ammonium sulphate ; descriptions of these, gathered from 
American sources, will be found in Koppers^ Pamphlet No. 9, of 
1919.1 . 

The new plant of the Providence Gas Company No. *3, con- 
tains forty regenerative Koppers ovens. The Tiynois Steel Com- 
pany of Gary (Ind.) owns 700 coke ovens. ^ The new plant of the' 
Sloss-Sheffield Steel and iron Company at Birmingham (Ala.) 
treats 2,500 tons of^coal daily, producing apjuoximately 30 tons of 
ammonium sulphate. 

An essential difference between American and German coke-oven 
plants consists in the fact that in America these are all situated near 
the iron works, whilst in Germany they are at the colliery.^ In 
America the manager of the blast furnaces has the control of the 
coke ovens, and takes care that he obtains the cok^- which he 
requires. The coal first undergoes a careful preparatory treatment ; 
after being washed, the w^ater content is reduced to 8 to 9 per cent., 
and the coal i§ finely ground, and if necessary, blended. 'The 
following tabic will show that the technical and commercial develox^- 
nients of the coke-oven industry have gone hand in hand : — 



of 1014. 


End of 1918. 



Kegliind 

(Icrmany. 

United 

States. 

P^ngluiid. 

Ainoiint of coal treated an- 




, 


nually in by-product ovens 
in million tons . 

35 20*5 

15 

41 

50 

P 21 

NumbA of by-product coke 

! 


k. 



evens .... 

20,173 ; 0,438 i 

7,813 

f 22,003 

9,940 

9,827 

Annual amount of coal treated 

f 





per oven (in tons)* 

r 

1,750 4,100 : 

1,900 

1,800 

5,030 1 

1 

1 2,130 

! 


The advantage of America in cheai)ncss of coke production, due 
to the extensive ai)x:)licatioii of mechanical a|iplianccs in the works 
and the increased output per, oven, is very considerable. Modern 
American develo^jments afford valuable guidance for the improvc- 
ment^of German and English methods of coking, which is muAh to 

be desired. The constructtorx of small coke-ovgsn plants should be 

« 

^ See also Zeitsch. f. angew, Chem., 1918, ii., 470. 

Ch(7n. Zndralhl., 1919, iv., 1009. 

® Zeit8c}\f. ai\qtw. 1918, iii., 482. 

* lUd.y 1917, ii., 774. 
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avoided here, and endeavours should be made to erect Jarge instal- 
lations onl^ and, so far as possible, to combine former smaller 
installations. High profits in the coke-oven industry can only bo 
obtained in large install ajbions, in the construction of which false 
economy should not bfe allowed 1 k> play any part. » # 

The People Gas Company of Chicago, the largest gas works in 
the world, have so far enriched their water-gas wiMi oil-gas. In 
1918 they were about to construct coke ovens for an annual pro- 
duction of 500,04)0 tons of coke and the accompanying by-products. 
Long-distance transmission mains for coke-oven gas exist, for example, 
between the (lairton coke ovens and a steel works at Pittsburg. 
This is 17-7 km. in length ; tlie gas transmissir^n main to the town 
of Barmen, Germany, is 47 km. in length. 

Chas. H. Smith has produced an interesting process for the low- 
temperature carbonisation of coal, which has also been applied in 
England. Coal is first heated in retorts with mechanical stirrers at 
425'' C.to ^75" ('. for one to two hours, thus obtaining a largo yield of 
gas and tar. The carbon ^residue, “ semi-carbocoal,’^ is mixed with 
pitch obtained from the tar and converted into briquettes, which 
are^ heated in rc'torts to about USd'’ C. for four to five hours, so pro- 
ducing the final pi’oduct, ‘‘ carbocoal. ’ From 1 t^n of crude coal 
there arc obtained 9-5 kg. of ammonium sulphate, 101) cu. m. of 
gas in the first distillation, and 113 cu. m. of gas in the second 
distillation^ ^is well as 110 litres of liquid con vstituents — namely, light, 
middle and heavy oils, creosote oiL» and pitch. The Pennsylvania 
Railway Company lias obtained excellent steam-raising results when 
burning carbocoal under their boilers. Carbocoal crumbles with 
difficulty, and stands transport v(*Ty well. After the favourable 
results of trials carried out by the Navy Department, an agreement 
was iflade in 1919 with the Fuel Administration and the OrjJnance 
Bureau for the erection of a carb(K;oal plant in the United States 
for the treatment of about ],i>00,000 tons of coal annually. ^ The 
English Carboyl Syndicate, Ltd., which was founded in 1913^ has 
evolved a process which yields no coke, but is said to convert the 
coal completely into ammonium sulphate and oil.^ The raw material 
for this process is not liigh-grade coal, but coal- waste of all sorts. 
For the purpose of granting a licAico and erecting a plant, the 
CarI)oyl Syndicate. Ltd., has meanwhile allied itself with the 
American Vulcan Trading Corporatioi^ and is issuing new •shares 
to the value of £300,000. The American Coal Refining Company 
proposes to convert non-coking coal from nortli-east C olorado into^ 

^ (fhem, 7Aq., 1920, p. 25; 1919, V 7, 36 T^nilsch, fpangew. Ch^m., 1918. iii., 490. 

2 lbi(L, 1920, ii., 104. 



294 UNITED STATES' OF NORTH AMERICA 
« 

a smokelesj^ fuel, resembling anthracite, and into gas, tar and 
ammonia. 

I 

But little has so far been effected in America towards the exploita- 
tion of the very considerable peat deposits, which are estimated to 
conticin 14,000,()fx)(),()00 tons and CQ^ver an area of 40,000 sq. km. 
Only 47,380 tons of peat were utilised in 1012 and B51,521 tons in 
1018, of \ihich 20,507 tons were used for heating. It is only quite 
latterly that this matter has received further attention. In Ghewdeal 
and Metallurgical Engineering, No. 20, pp. 003 -<f 00 (April 14th, 
1020), H. Philipp gives detailed data regarding peat production 
since 1008, with analyses, and on the development of the American 
peat industry in geperal. The Governments of Maine and Massa- 
cliusetts have dc^voted special attention to the investigation and 
develoj)ment of peat deposits. The U.S. Geological Survey issued 
instriKitions oq the utilisation of peat in gas producers and for other 
purpost's in the form of a pan) 2 )hlet. 

Black peat is increasingly used as a fertiliser. It contains more 
nitrogen and less fibre than the brown variety. The reseaves of peat 
in Minnesota are estimated at 1,330,000,000 tons. Special laws have 
been cnforciMl in that state regarding the exiiloitation of the 
d(q)osits. Attention is being mainly directed to the manufacture 
of peat charcoal. 

The natiii*al gas fields are also utilised for suy)p1ying the chemical 
industry with fuel ; thus, for example, the Anaconda (^a]4per Mining 
(k)mi)any established itself near the gas wells at Sweet Grass. ^ In 
(blorado and Utah th(^ exploitation of oil shales, which are richer 
than the Scottish shales, has been commenced. 

Kelj) is trcatcHl for the prodiudioii of ammonia and ammonium 
salts, in addition to jiotash salts, iodine, act‘tone and so forth. It 
has l)q(Mi shown at the Government exjierimental station at Sulnmer- 
laud (California), that the nitrogen in kelp is almVist (uitirclyrecovered 
in the form of ammonia. The works of the Hercules Powder (kw 
jiaiiy iit Potash, nciir San Dieg/) (CJalifornia), which cost 000, 000, 
were closed temjiorarily at tlie conclusion of the truce. 

The firms jirominent in the liquefied gas industry are : the Linde 
Air Produc^ts Company of New York, which operates the Linde 2 )roccss, 
and the Air Ileduction Coniflany, New York, which Titilises the 
Claude process. The latter coni 2 )any amalgamated in 1017 y^ith 
the Niitional C-arbide Coknqany and the ITnion Carbide Company, 
in order to fivd an outlet tor nitrogen. In SOI 8 an agreement 
was signed between the National (Carbon Comi)an‘y, the Union* 


^ Zeitsch. f. an^'f'w. Ohnn.f 1918, iii., 29. 

2 Ctmn. Zig., 1917, p. 179; Zeitsch, f. angcw.^CheHi.^ 1918, iii., pp. 203, 520, 550. 
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Carbide Company, the Presto-O-Lite Company, and the Linde Air 
Products Comj)any for the erection of a works at Youngstown, Ohio, 
for the production of carbide and other gas-generating material. 

The Linde Air Products Company and the Air Reduction Com- 
pany are both inteufisted in Jihe development of the American 
helium industry. The natural gas from a well at Petrolia, Texas, 
contains 0*4 to 1*0 per cent, of helium. The gas s(Tve% for supplying 
the town of Fort Worth, IHO km. distant, with 560,000 cu. m. 
daily. In Noveipber, 1917, the erection of two plants at Fort Worth 
‘ was commenced for the production of helium from this natural gas. 
The Linde Company was commissioned to isolate about 141 -5 cu. m. 
of 90 per cent, helium daily, v^hilst the Air Reduction Company was 
to produce S5 cu. m. daily. Both plants started production in 
March, 1918. The Linde plant conctmtrated the 72 per cent, crude 
gas to 92 to 93 per cent. The jdants worked experimentally for 
about two months and were thSn closed. Plant 1, tAe Linde plant, 
was immediately dismantled, whilst Plant 2 of the Air Reduction 
Company continued to wf)rk for a short time in an endeavour to 
improve the process. At the conclusion of the truce about 5,660 
cu. m. of helium gas had been produced, of which about 4,150 cub. m. 
was stored in cylinders ready for transport. Mi'anwlua. the Naval 
Department, under the direction of R. 1). Moore (»lune, 1918, to 
June, 1919), had carried out their own experiments at Petrolia, 
which est^yished the suitability of a third process which was due 
to F. E. Norton, and was carefully Jested by the National Research 
Council. Norton utilises triple expansion engines. 

The gas stream is throttled and heat transference and fractiona- 
tion are carried out by new methods. Jlie power requirements for 
compressing the gas arc reduced to a minimum. The processes of 
Claude and Jefleries-Nortou differ from that of Linde by the fact 
that the.compresseil gas is made to produce work in one dr more 
expansion engines before liquefacrton in Claude’s system and after 
liquefaction in that of Jeff eritis- Norton, whereas ill Lind('/s process 
this is not the case, and the gas is allowed to expand freely through 
an exparfsion valve. In Linde’s method the use of complicated 
movable 2)arts, which are readily frozen up, iti avoided, but, on the 
other hand, it requires higher initiai pressures, of 100 to 200 atmo- 
spheres, and perhaps utilises the heat^ less satisfactorily than the 
otAer systems. Details of the methods of ^rectification of IJ^j^uefied 
natural gas have .not yet been pubWslied.^ The application of the 
Jefferies-Noi'tori process on the large scale -met with so many diffi- 
culties that the Petrolia giant only started operation in March, 

i Vni^chau, 1919, p. 487. * • 
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1919. -The concentration of the helium wliich was produced was in 
th? first instance only 21 per cent. The Navy Office produced plans 
in 1919 for a large new plant at Fort Worth at a cost of *$2,000,000, 
and with an output capacity of 850 cu. m. daily. ^ During the War 
the gas was kr^own as ‘‘ argon,” in order to baffle spies. Argon 
itself is produced as a by-product by the American Cyanamide Com- 
pany and otljers. Helium is of importance for use in airships on 
account of its non-inflammability, in consideration of which its 
relatively high specific gravity, which is 0 1708 gi^i. per litre, com- 
pared with 0*0899 gm. per litre for hydrogen, is relatively unimpor- * 
tant. It is said that the production costs of helium have been 
reduced from $60,000 to $3*50 per* cu. m. The Committee of 
Congress which was formed to study the industrial production of 
helium, in which the United States has invested $6,000,000, reported 
very unfavourably early in 1920, in spite of the above results. 
According to Vhe Committee's report, the production cost of the 
helium for filling an airship would be larger than the (?ost of the 
airship itself. The Committee therefore advised that no n^pre money 
should be spent until cheaper methods of manufacture had been 
discovered. 2 A Bill has been introduced to prevent the export of 
helium under heavy i)enalties, as the available sources of this gas 
arc restricted. 

The following quantities of fertilisers were used in the United 


States in 1914 : — 

Tons. 

Materials containing ammonia . . 1,463,278 

(Jotton-seed meal ..... 325,234 

Slaughter-house offal and other nitrogenous 

materials ...... 887,934 

Fish offal, etc. ... 250,110 

Ammonium sulphate .... 149,924^ 

, Calcium cyanamide ..... 25,911 

, Nitrate .‘ . . . * . 147,150 


It should be noted that a large portion of the cotton-seed meal, 
offal* and fish-meal are used as feeding stuffs. 

At the end of December, 1915, the Government estijnated the 
consumption of nitrogenous fertilisers to be as follows : — 


Tons. 

Nitrates . . . . 70,000 

Ammonium sulj)hate 215,000 

Cotton-seed meal .... 1,000,000 

Blood meal ^ 40,000 

Slauglrtcr-hpuse offal . . IQ, 000 

Fish offal * . . . . 70,000 


^ Zeiisch.f. angew. Ckem., 1019, ii., 736. 
^ Jbid\ 1920, ii., 138. 
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The exceptionally interesting paper of Alfredf H. Whit® ' gives 
the following figures : — 

/. Supplies of Fixed Nitrogen to the United States in 1913 . 

(a) Stocks, imports and production : — Tons of 

• ^ Tons., Nitrogen. 

Chile nitrate ...... 636,047 = 98,88f 

Imported ammonium salts, calculated 

as sulphate 59,670 *= >2,292 

Production of ammonium sulphate 
from cok# ovens and gas works . 176,900 = 36,469 

Calcium cyanamide from the American 
Cyanamide Company . . . 15,000 = 3,000 

• 150, '645 

(h) Consumption : — 

Imported Chile nitrate : — Tons of 

Tons. Nitrogen 

For fertilisers . ,, . . 249,339, 

For explosives . ... . 289,371 

For chemical industry, etc. . . 97,337 

• * 6^7^47 = 98,884 

Ammonia and so forth : — 

^ Ammonium sulphate for fertilisers 117,935 =. 24,312 
(calcium cyanamide .... 15,000 ~ 3,000 

Ammonia for industrial purposes . * 27,216 

153,412 


J1 . Su'pplws of Fixed Nitrogen to the United Stales in 1920. 

* Tons of 

Nitrogen. 

Prospective requirements ..... 210,468 

Production from coke ovens, gas works and the 

American Cyanamide Company . . . 84,097 

• Difference ...... 126,371 

Possible production of the U.S. Nitrate Plant • 

No. 2 at Muscle Shoals , . . . 37,647 • 

Deficit to be supplied bynmports . . • . 8 8,723 

Thus ^21 p^r cent, of the total requirements, or 546,150 tons of 
Chile nitrate, must be imported. Excluding Muscle Shoals, 60-4 per 
cent, of the requirements, or 721,400 tons of Chile nitrate, remain 
to be imported. * 

• In 1925 and 1930 the requirements* will presumably be still less 
adequately covered, if the consumptign increases normally»and no 
new producers of synthetic nitrogen compounds appear. This is 
on the assumption that the U.S. Nitrate Plant No. 1 at Sheffield 


1 (Jhem. Met^Eng.f 1920, pp. 369^371. 
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produces 7,710 tons of nitrogen per annum. Assuming total require- 
me/its of 415,675 tons of nitrogen (in 1913), and a production of 
117,935 tons of nitrogen from .coke ovens, gas works, priV’ate cyana- 
midc plants and so forth, together with a production of 37,648 + 
7,710 tons of nitrogen from the Governn^nt plants, it would 
be necessary to import 1,625,000 tons of Chil6 nitrate in order to 
cover the deficit. On the assum])tion that White's figures are valid 
for the fixture, the dependence of the United States on (yhile is so 
considerable that, if only for this reason, it is desirable to assist the 
domestic nitrogen industry by all possible means. 

The Geological Survey refers to the first domestic production of 
sodium cyanide, other cyanides and sodium nitrate in 1917. This 
amounted in short tons to the following figures : — 


Sodium cyanidt^ 

and so forth 

1017 

10,548 

litis. 

!t,077 

1910. 

9,196 

Sodium nitrate, 

refined 

781 

f - — 

6,512 

Sodium ‘nitrite 


— 

1.701 

431 


The imports of cyanide in 1916-17 were unimportant.* The very 
large imports of (Jhile nitrate have already beem discussVd in con- 
noction with that industry. 

'The sulphuric acid industry of the Gniled States has grown 
considerably; its production increased from 2,719,000 short tons in 
1913 to 4,950,000 tons in 1919, calculated as 100 per cent. acid. At 
the commencement of 1918 the output capacity was 5,124,000 short 
tons of acid of 50" Be., whilst in November it was Ih00t7,()00 tons ; 
of this (juantity 1,040.000 tons' co\ild be produced by the Govern- 
ment works, 1,120,000 tons by the ex]>losives companies' works, 
and the remaining 7,440,000 tons by others. About 2,500,000 tons 
iire recjuired for the production of fertilisers. 

The actual out])ut capacity of the mor(i im 2 )ortant nitrogem 
works ^is at jxresent approximately as follows : — 

0()k(' (»vcns, etc. : 

* of .‘imnioiiiuni sulphate • - approx, hi ,500 1 ons N". 

Aniericiiri Cyaiianiujle (JoTiipaiiy : « 

(n,000 tons of cyanarnidf . \ - .. 12,S00 tons N. 

IT.S! Nitrate Plant No. 1 fSynthetie 

proeos.s) : ^ 

Various nitrogen products . . -- 7,710 tons N ( - 37,02.5 tons of 

ammonium Hulphato). 

IJ.S. Ni^ropjon Plant N’o. 2 fCyanamith' 
proce.s.s) : ^ 

X'arioue nitrogen products . . - ,, 37,050 tons N(= 183,730 tons of 

^ ammonium sulphate). 

Arc x>roces.s : • 

i(l(000 tons of HNOg . r . , . - , 2,220 tons N. 

Cyanido process and cyanide from oihtr • 

sources : * 

10,000 tons of .sodium cyanide . — .. 2,8.50 tons N. 

124,730 tons N. 


Total 
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In the spring of 1919 the output capacity of plants for the pro- 
duction of nitric acid from Chile nitrate and sulphurib acid 
about 650,01)0 tons of nitric acid, and that of the ammonia oxidation 
plants 225,000 tons, calculated as 100 per cent. acid. As the imports 
of Chile nitrate in 191^ were approximately 1-6 million tons, equal 
to approximately 249,600 tons of nitrogen, it follows that the total 
production of fixed nitrogen in the United States in^ 191 8-19 was 
approximately : — 

127,580 249,600 == 377,180 tons of nitrogen. 

W. S. Landis, of the American Cyanamide Comi)any, estimates 
the maximum resources of tjie country, including the quantities 
imported in the forms of cyanide, ammonia, ammonium salts, 
potassium nitrate, cyanamide, etc., and allowing for the quantities 
present in organic fertilisers at about 460,000 tons of nitrogen.^ The 
imports in tons in U)^8 and 191,9 were : — 


• 

19 J 8. 

1919. 

Potassium cyanide . . 

64-4 

553*4 

Potassium nitrate (crude). 

4,239 0 

17,079*0 

Sodium cyanide 

31 -3 .. 

2,347*0 

• Chile nitrate . 

1,673.7844) 

369,230*0 

Ammonhim chloride. 

129-3 .. 

914*0 

Ammonium sulphate 

Calcium acetate, chloride, 

2,714*2 . . 

2,149*2 

carbide and nitrates 

21,269*32 .. 

30,089*5 

Calchiih oyananiide . 

237,686*02 . . 

563,371*0 

The exports in tons included 

• 



1918. 

1919. 

Nitric acid 

459*5 

227*7 

C^alcium carbidt^ 

8,231*0 

10,842*4 


The extraordinary dimensions of American foreign tradi'.^will be 
clear from the following figures,^ which refer to periods from July 
1st to June 30th : — 


1917-18 
IMS- 19 
1919-20 


Value of IrriportH. I Value of Export, 


" s 

2,945,655,403 ] 
3,095,876,582. 
5,239,000,000 


S 

5,919,711,371 

7.224,744,785 

8,11*L000,000 

A • 


Kxoe^s of Export 
Values . 

2, 974, 055,908 
4,128,871,081 
2,872,fi(J([).000 


^ Zeitsrh. T angew. lOlt), ii., 794. 

- From Jul^ Ist. * 

Zeiisch. f. g,ngew. Chptn., 1920, fi., 309. 
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At the commencement of 1920 there were rumours in the United 
St/xtes of an official price limit for ammoniacal fertilisers which 
led to a notice by the Bureau of Agriculture ^ to the effect that 
unrestricted prices for ammonium sulphate and so forth were entirely 
desirable. Durjng 1920 the most jmportant‘» products were sold at 
the iol lowing prices : — 

Ammonif«;Cal liquor, concentrated . 1 lb. 8| to lOf cents. 

Anhydrous ammonia . . . ,, 33 ,, 38 " 

Ammonium chloride, granulated, white ,, 1/5 ,, 18 ,, 

Ammonium carbonate . . . ,, 16 ,, 16 J 

Ammonium nitrate . . . . 10 ,, 11 

Ammonium sulphate (average) . 100 lb. $5-50 

Oil ci urn carbide . . . . 1 Ib. to 5^ cents. 

Potassium nitrate, granulated) . . ,, 13^ ,, 14| ,, 

Sodium cyanide (technical) . . 28 ,, 30 ,, 

(Jliile nitrate .... 100 lb. $3-85 

Sodium nitrite, 96 to 98 per cer^t. 1 Th. 15 ,, 15| ,, 

Nitric acid, 42"^ Be. . . 1 cwt. $8-00 to $8-50 

Nitric acid, 36° Be., in carboys ,, $6*50 ,,^$7’()0 

u 

Supplement, 1 92 1-4 . 

The general tendency of development is to increase imports f?om 
Chile and thus t/) establivsh a reserve, whilst the existing plants for 
the fixation of atmosplierie nitrogen arc to be continued as a sort 
of w\ar insurance, meanwhile developing the coke-oven industry. 
The production of ammonium sulphate in short tons wa^‘f — 

1914 . 186,749 ' 1919 . 545.116 

1916 , . 235,265 1920 . . 469,693 

1915 . . 378,000 1922 . 449,233 

In 1922 the coke ovens produced 28,319,000 tons of coke in by- 
product ovens and 8,007,000 tons in beehive ovens. There weiv.! also 
produc<ed 365,000,000 gallons of tar, 111,000,000 gallons of crude 
Jiglit oil, and 898,465 tons of aitimonia in all forms, calculated as 
ammonium sulphate. The output of coal was 517-2 million tons in 
1913 and 417-84 million tons in 1922 {(Jhem. Zhj., 1923, 75 ; CUem, 
Ivd., 1923, 142. 182, 188, 285, 482, 556, 620, 645, 6o5 : Metallhorse. 
1923, 300, 1904, 2024 ; 1924, 21 1). 

The final disposal of the works at Muscle Shoals, the largest 
cyanamidc works in the world, which only maintained production 
for a short time after the. truce, has not yet been definitely decided. 
The i^ord interests are knowif to be endeavouring to obtain control. 

Nitrate factory No. J at Sheffield (Ala.), which Was to have 
operated the Haber })roccsR, was a complete failure. 

* ^ Zeitsen. f. angew, Chem,^ 1920, ii., 71. 
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Meanwhile, the Atmospheric Nitrate Corporation has erected a 
small works wljich operates the de Jahn process, of which 10 un^ts 
were ready m 1920-21. The beginnings of an arc nitric acid industry 
are appearing in the Western States. 

The experimental f/lant at Sj.ltville which was working Bucher’s 
cyanamide process was closed at the end of the War. On the other 
hand, a new works for the production of prussic aci^ and cyanide 
was being erected in California by the Air Reduction Company in 
1923. Prussic agid is to be used as an agricultural insecticide. 

The American Cyanamide Company convert a large part of thq. 
cyanamide which they obtain into urea, ammophos ammonium 
phosphate fertiliser) and cyailide. 

A Casale plant is being erected at Niagara 'fe’ails. 

At Fort Worth there are six Linde plants which produce 850 
cu. m. of 90 to 95 per cent, helium daily at a very cheap rate. 

The annual loss of helium fn the United States* is 500,000,000 
cu. ft. « 

Technical research is organised on very large lines (Chem. Ind., 
1923 , 347, 523). 

In the fiscal year 1921-22,* 168,127 tons of ammonium sulphate 
were exported, and 144,646 tons in 1922-23. The imp of Chile 
nitrate were : 1,237,500 tons in 1920 ; 372,50(J tons in 1921 ; 

542,464 tons in 1922 ; and 639,692 tons in the first half year of 1923. 

The iipports of cyanamide, which came from Canada, were 
41,807 tons in 1922. The product^n in 1918 was 945,000 tons of 
nitric acid, 457,000 lb. of potassium ferrocyanidc, and 4,525 tons 
of ferrocyanide. The value of the total production of nitrogen and 
its products was $33,088,000 in 1921 (Chem. Ztg.y 1922 , 691, 870, 
894; Chem. Ind., 1923 , 141, 180, 238, 285, 390, 426, 449, 540, 620, 
645, «55 ; 1924 , 20 ; Metallhdrse, 1923 , 1272). 



CHAPl’En Xll 


The Canadian Nitrogen Industry 

• 

Canada is very rich in water ])ower. There is at least 14,000,000 
h.j), which is relatively easy to exploit, and about 19,000,000 
altogether. Of this cpiantity about 5,800,000 h.p. is in Ontario, 
6,000,000 h.p. in Quebec, and tl,000«,0i^^9 h.p. in British Columbia. 
In 1918, 1,800,000 *n.p. was being exjiloited, and 2,300,000 h.p. in 
1920, whilst 1,000,000 h.p. was in course of development. 

T1k‘ peat moors of the ITnited States arc estimated to cover 
40,000 sq. km,, while those of C'anada whic^li havci already been 
investigated amount to 37,000 sq. km., and are in many cases dis- 
tinguished by the exceptional thickness of. the peat layer. According 
to investigations of the (^inadiaii Government, in the immediate 
neigh tiourhood of Ottawa ^ alone thefre are four peat deposits which 
together contain ai)out 25,000,000 tons of fuel. These moors >S^ere 
scarcely utilised 'before the War, although a rational reclamation of 
these areas and exjhoitation of the enormous quantities of fuel which 
they contain would render ( -a-nada independent of coal imports from 
the United States. In 1920 a Government plant at Alfred was pro- 
ducing 30 tons of ])eat fuel dai^y, and a company had ])oen formed 
for the exploitation of the moors, the Canadifin Peat Society. 

The coal firoduction of (hnada was 5,088,000 tons in 1900, and 
]4,7()(),000 tons in 1913. Interesting statistics were obtairu^d by a 
Canadian Government c ommission, which rejjorted on the advantages 
of cen<jral ])ow(t stations as compared with a. multitude of small 


stations ; the coal consumption- in 
])ow'er stations was as follows 

tons per Imrse-jjower year at 

1 


Tons. 

Under 1 ,000 kw^ 

. 25- Ob 

From 1,000 to 5,000 kw^ 

. 1400 

5,000 ,, 10,000 ,, 

.. 13*30 

., 10,000 ,, 50,000' ,, 

9*32 

„ 50,000 ,,100,000 „ 

. 6*57 


Tfie works of t he Aincrichii. Cyanamide Compriny, the Canadian 
Aloxite (V)mj)any, tlw? Aclieson Graphite Company and otliers, are 
established on the Canadian side of the Niagara Falls. The oldest 

C%em. Ind., 1912, 294. 
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electro-chemical industry is the manufacture of aluminium. For 
this purpose the former Pittsburg Reduction Company, now ^he 
Northern Aluminium Company, utilises 50,000 to 60,000 h.p., 
mainly at Shawinigan. Calcium carbide is produced by the Willson 
Carbide Company at St. Catheriiv^s, Ontario, the Shsyivinigan Cai;bide 
Company at Shawinigan Falls, and the Union Carbide Company of 
Canada, Ltd., at Welland, Ontario. The Canadian Eiectr/>de Com- 
pany produces largo carbon electrodes, and has a normal output of 
. about 15 tons daily. The Shawinigan Electro -Meta Is Company pro- 
duces, among other products, metallic magnesium of 99*5 per cent, 
purity ; it employs 2,500 h.p. The Presto-O-Lite Company com- 
])resses acetylene gas, wJiich* it buys from tjie Canada Carbide 
Company. The (Canada Cement Company at Montreal has recently 
interested itself in the recovery of potash from flue gases ; 130,000 h.p. 
from Niagara Falls h^^ve been utilised for the further development of 
the mining industry in Now Ontario. 

A cornjmny was formed in 1915 at St. John's, Newfoundland, for 
the produition of tim])ei^ cellulose, calcium carbide, ammonium 
phos])hate, ammonia and cement at Bay of Islands. Its capital is 
$21^,000,000. The Quebec Ocvclojunent (\)., Ltd., following the 
example of the Southern Electro-('hemical Co., Ltcj., oi iNcw York, 
decided in 1910 to establish a nitric acid works near the St. John 
Lake on the Saguenay River. 

The rapki devolojnnent of the manufacture of industrial gases 
for welding, such as oxygen, acotyl/?no and hydrogen, led to con- 
siderable decentralisation of the works in the Ignited States. Tlie 
large producers maintain a number of small works all over the 
country in order to be able to deliver under favourable transport 
conditions in all localities. In the compressed gas industry, where 
the stjbel bottle is several times as heavy as the contents, a reduc- 

* tion in the freiglit chTirges is one of the iirst foundations ior successful 
development. Similar dcvelonmerils are now occurring in ('anada, 
where the newdy founded National Electro-Prdducts tbmpany 
intends to establish an oxygen works at Toronto, and five further 
works in the United States. The Dominion Oxygen CV>., Ltd., also 
intends to erect five largo works for the manufacture of oxygen, 
argon and nitrogen in the main inilustria] centres of the country. 
It i^s affiliated to the Union (Carbide Rm\ Carbon Corporation, which 
controls 36 different companies in the Unifejl States and Caivyija.i 

During the Wifr, Chemical Produits Ltd., of Ca^iada, which had 

• a capital in 1920 of $3,00(),(?00, developed Dorfi small beginnings to 
considerable importance. Ip 1920 -the company acquired the plant 

1 Zeitach.f. angew, Chem.,1920, ii., 21 J ; MetatWorse, 192^5, p. 840. 
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of British Chemicals, Ltd., at Trenton, Ontario, which had been 
erected at a cost of $3,500,000 for the manufacture of explosives for 
the Imperial Ministry of Munitions. In future, Chemical Products, 
Ltd., will devote itself not only to its previous manufacture of 
pharmaceutical products, such as ae^irin, but also to the manufacture 
of other chemical products, such as sulphuric acid, nitric acid, super- 
phosphate, reined sodium nitrate, ammonia, coke-oven by-products, 
and so forth. 

At the end Of 1919 the statistical department of the Canadian^ 
Government issued a guide to the (llanadian industry which contains 
detailed information up to the year 1919. In this guide 634 firms 
are alphabetically arranged, both according to their names and 
their products. It also contains a complete review of the various 
branches of chemical industry and of their history during the last 
six years. 

ITnder the direction of H. W. Matheson, the Canadian Electro- 
Products Co., Ltd., at Shawinigan Falls, has developeJ a process 
for the manufacture of acetic acid, acetone, and so forth, from 
acetylene. Early in the War there was a very large demand for 
acetone, which was far greater than the supply. At the request of the 
British War Office, the Canadian Electro-Products Company, wliich 
obtained their power from the Shawinigan Water and Power Com- 
pany, investigated the question of the production of acetone from 
calcium carbide. They commenced to eieot a plant for^the purpose 
in May, 1910, and in November to December of the same year were 
already able to produce acetone. The works now contain twelve 
buildings. They cost $2,000,000, and are considered to be the largest 
plant of the kind in the world. For a whole year the acetylene was 
exclusively converted into acetone. The demand for acetic acid 
then grew to such an extent that the manufacture of acetoiie was 
entirely discontinued. The acetic acid was exclusively delivered to 
the Imperial Munitions Board. 'As the United States also showed 
great interest in the new process, the Washington Government 
approached the Shawinigan Works. These were then considerably 
extended. Deliveries to the' United States commenced in October, 
1918. The present output of the plant is said to be larger than that 
of all the plants of the rest of the world by the old process, that is, 
from grey acetate of lime.^ , 

jvas decided to utilise the natural gas wells of Canada for the 
manufacture of helium, as in the United States. It has been known 
since 1903 that many cf the Canadian gas wells contain helium. In 
the spring of 1916 rather more than 0-36 per cent, of helium was 
‘ ^ See ZeitscKf, angew. Chevy., 1918, iii., 617. 
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fouild in the most prolific Canadian gas well, that of Bow Island in 
Alberta. It ha^fi been calculated that in the natural gas used fbr 
heating in Calgary $50,000,000 worth of helium are wasted 
daily, at the pre-war value. The manufacture of this gas has not 
yet been started in Canada. ^ ^ 

The utilisation of the gas wells of the Fraser Valley in British 
Columbia, which evolve almost pure nitrogen, or of ftho.se of the 
islands iA the Gulf of Georgia, remains a problem for the future. As 
water power is a\Kiilable at Stave Lake, and limestone and coal are 
also found in the neighbourhood, the formation of a cyanainide and 
cyanide industry in that neighbourhood has been considered. The 
nitrate imports in 1912 -13 were 36,406 tons..^ and in 1913-14, 
12,047 tons. 

With regard to exports of carbide, Canada found it very difficailt 
to compete with Norway on the British market .before the War. 
During the War comparatively large amounts of carbide were 
shipped from Canada to England. The imports were 1,772 tons in 
1915, 3,7073tons in 1916, alid 2,644 tons in 1917. In normal times 
the imports of carbide into Great Britain before the War were 
26,000 tons annually, of which 18,000 tons were from Norway. It 
is uncertain whether Canada will be in a position to c(>r.t ce these 
imports into Great Britain permanentl3^ The extraordinarily high 
freight rates are not favourable to the Canadian prospects. 

In 1918 there were fifteen works with a total capital of $3,064,000, 
producing 75,671 tons of fertilisers of the value of $2,161,000. These 
fertilisers comprised 10,934 tons of nitrogenous fertilisers of the value 
of $481,947. 

Supplement, 1921-1924 

Th% producing centre of the American Cyanarnide Coinj)any, a 
company domiciled i^^ the United ^States, lies on the (iinadia.i side 
of the Niagara Falls. In Canada thcr^ are relatively small works usiiig 
the arc process at Niagara Fall#?, Ontario, and at Queenstown, each 
of which utilises 3,000 kw. producing 3,174 tons of 63 per cent, nitric 
acid per annum. A further plant of the same character was built at 
Vancouver in 1921, and is about to bo enlarged, as it has been found 
possible to compote with Chile nit^jate. Helium is obtained at 
Toronto and Calgary by McLennan's process. The production of 
cyanarnide at Shawinigan in 1920 was 60,00.0 tons. The Shawimgan 
plant also manufactures synthetic acetic acid, acetone, etc., from 
calcium carbide, and is described in detail in Engineering, vol..xi., 
p. 220 [Ghem. Ztg,, 1922, 691, "964, 1143 ; 1923, 95, 724, 824 ; Chem. . 
Ind., i!923, 156, 321, 407 ; Metallbdrse, 1923, 695). 
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CHAPTRR XIII 


The Nitrogen and Allied Industries in the Remainder of 
America, excluding Chile ‘ 

< 

Towards the end of the War the Ciiban Air Kc^duction Coinpanj/ 
was oreeting a plant at a cost of $100,000 for the production of 
oxygen at Havana, Cuba. * » 

In Mexico there is a considerable dearth of fertilisers, particularly 
of potash for sugar and tobacco production, as the German imports 
of about 2,000 tons disappeared after 1914. The largest sulphuric 
acid works is* that at Hinamita, Dgo., w^hich utilises domestic sulphur 
and pyrites. A small cpiantity of nitric acid is producqjl from Chile 
nitrate. The Mexican chemical industry offers favourable prospects, 
as there are large deposits of bituminous coal, petroleum, sulphur, 
natural soda and sodium sulphate; and water power is also avail- 
able. 

Peru contains natural nitrate deposits, but the rejiorts which 
afipear periodically of very rich deposits of jiotassium nitrate have 
never been confirmed. 

There are also small nitrate deposits in Bolivia and Honduras, 
the devek^junent of which has already been commenced.^ 

The Chih^an nitrate industry has already been discussed in detail. 
Oxygen was at one time produced at Quilque, and the (,^ia. Industrial 
“ El Volcan ” intended to erect a carbide works. In 1914 Chile 
imported 109 tons of anhydrous and aqutious ammonia. 

lu the Argentine, in 1920, four works yiroduced 253,022 kg. of 
jfitric a(nfr 2 )er annum, four works produced 9,720 tons of suljihuric 
acid, two works produced 34^120 kg. of aqueous ammonia, and one 
works 8,073 kg. of anhydrous ammonia ; one produced 15 tons of 
sodium cyanide, two works 15,200 kg. of calciur.i nitrate, and two 
other works 590,000 kg. of sodium nitrate ; two works also manu- 
factured 50 tons of a.mrnonium chloride. In the Argentine, as in 
(■bile, anhydrous ammonia is mainly used by the meat refrigerating 
])lants, of which there,, were nine in 1915-16; a tenth was ’being 
erected, and three others w6rQ,planned. In 1913, {>60 tons of anhydrous 
ammonia werh imporV^d, of which half came from the United States, 
find only about 70 tons from Germany! The Argentine also imported 
. * 1 Chem. Zig., 1920. p. 172. 
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about 67 tons of ammOniacal liquor. Many projects have recently 
been considered for developing the Iguazu Falls, 600 \o 700 miles 
from Buertos Aires and Tucuman, the centre of the sugar district. 
The Iguazu Falls are^ on a tributary of the Parana in the Misiones 
Province ; the falls e/tend ovei^a distance of 4 km^ and the highest 
has a fall of 65 m. * One hydro-electric plant is already working in 
the Argentine — namely, that of the ('ompania Hydjjo-E|ectrica de 
Tucuman, supplying 4,500 h.p. to the town of Tucuman and to the 
sugar works of yie neighbourhood. 

Brazil possesses ten large waterfalls, which are estimated to bo 

able to supply 2(), 000, 000 h.]). The smallest could supply 250,000 hq). 

and more. Whilst the country docs not contain as much ])etr()leum 

as, tor example, Mexico, it contains large dej)osits of turfa,’' which 

is similar to oil shale. This is more especially found in the C^amamu 

basin of the Province of Bahia. *On distillation 1 ton of turfa is said 
• • - 
to supydy 30(> litres of crude oiPand 2*95 kg. of ammT)nium sulphate, 

(^ompaiHHi^ with 99 litres of crude oil only from 1 ton of average 

Scotch shale. The only important oil wells in Brazil arc in the State 

of Alagoas. The sodium nitrate deposits in the State of Pianhy are 

said to cover more than ()()0*sc|. km. In some localities the crude 

niftate contains as much as 89 per cent. <;f KN().j. TIi !e])osits are 

connected by rail with the port of (Vimocim, beyond (V^ara in North 

Brazil. 

The (^ja. Brazilia- (Jarbur(‘to d(^ (-alcio produced (5 1,900 drums of 
(carbide in 1916. The^ Brazilian y^ecpiinunenls for ammonia A^ere 
supplied befon^ the War by Cermany, (jlreat Bjitain, B(*lgium and 
Austria-Hungary. During the War practically all sup])lies w^ere 
drawn from North America. 

The (iovxTiiment of Uruguay negotiated a loan of Jisl 09,000 from 
a prwat(^ bank and elected a (h)vernmcnt sulphuric a-cid w'orks at 
CViy^urro .near MonWcvidco. The interest and sinking J^und •for this 
loan are administered by the Iit-itituto de Quimica Industrial in 
Montevidc^o, which sold chemteal firoducts to the {fmount of 820,000 
in 1916 and §"'6,000 in 1919.^ A further §:12,000 was ex})ended on 
the erection of •<‘X[)erim(aital [ilaiit for the manufacture of caustic 
soda, alcohol and ammonia. Nitric acid works for an output of 
10 to 15 tons daiJy were also yilanne^jl.*^ 

jSup phitmit, 1 92I- 1924 

In Brazil, nitrate is produced <tt*Bahia whicl^ contains 75 per 
cent. KNOjVhon crude, ayd 99 per cent, when refined (U/icm. Ztg,, 

^ Zeitsch. f.dingew. CMem., 1920, ii., 379, 

5 Ch«m. Incl.^ 1921, p. 13. * 
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1921, 1052). Brazilian coal has been quite successfully used ‘for 
m^>tallurgic&l purposes in Belgium {Ghem. Ztg., 1922^ 62). Modest 
beginnings of a nitrogen fertiliser industry have been iftade in the 
Argentine, Cuba, Jamaica, Mexico and British ^Columbia {Ghem. Ztg., 
192g, 62). 
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CHAPTER XIV 

The Nitrogen Industry in Africa* 

Hitherto tins has been only very sliglitly developed, in spite 

* of the fact that fertiliser requirements are considerable in many 
localities. 

In 1919 the Canary Islands recpiired, for the rapid recovery of 
their banana plantations, 3,500 tons of ammoifium sul[)hate, 3,500 
tons of calcium superphosphate, 1,500 tflns of blood meal, and 
3,500 tons of ])otash. 

The Egyptian Power and Nitrogen Syndicate, *Ltfl., was formed 
in London^ in 1919 with a cajhtal of £20,000 for the manufacture 
of fertilisers and carbide. Recently a ])re-war j)roject has 
been revived for the erecti<jii of an atmospheric nitric; acid works 
at the Assuan Dam, in ordeV to utilise the water power there 
available. 

In 191() the Committee of the South Africait Association of 
Electric Engineers proposed the establishment of an electro-chemit;al 
industry in South Africa, to manufactun^ calcium carbide, eyanamide, 
cyanide and other products. (Iieap electric ])()wcr, coal and lime- 
stone are available in the country. The demand for carbide is fairly 
important. Tlu; total imports of carbide in 1913 were 4,749 tons, 
and the gold mines alont; utilised 4,590 to 5,000 tons in 1919. 
Of this quantity 3,000 tons were supplied by Canada, whilst 1,500 
to 2,^^00 tons were manufactured by the mining companies at 

• their carbhh; works ^hich were (‘recUid during the War at I^inburg 
in the Transvaal. Sevens com])t;ti^Ion is fear(;d hi the*future fj^om 
Australia, the carbide works •in which country were exfiected to 
produce 80 to 100 tons of carbide daily in 1919 20. In 1918 cafbide 
manufactilre, to the amount of 2 to 3 tons per week, was started at 
Gormiston, near Johannesburg. In 1919 the S/>uth African Carbide 
and By-Products«Co., Ltd., was formed in London with a nominal 
capital of £307,500. The Chemico-Electric (dmpany is the main 
.shareholder in the enterprise : the Wev^tminster Public Works 
Company, the AsH 4 )ciatc(l Portland ( 4 t^ifient*Manufacturers, Wiite’s 
South African Cement Company, the Genera], EJectrfc Company, and 
the Bingham Calcium (Virbide Coijipany arc also interested. The^ 
works is being erected at an approximate c^jst of i^52,200 at the 
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Ballongeieh Colliery on the Durban -Johannesburg Railway. The 
})roj)osed ou{})ut of carbide is 4,186 tons per annum, ^and coal and 
oil-shale distillation by-products are also to be produceci, such as 
tar oils, benzole, fuel oils, and so forth. The jinnual production of 
sulphate is estimated at 2,126 tons.^ 

Tn 1918 the South African Ministry of Agriculture published the 
results of theij* researches on the fertiliser recpiirements of South 
Africa.^ Good results were obtained with ammonium sulphate in 
Natal only, where this substance proved useful in (vmjunction with 
potash fertilisers and superphosphates for the cultivation of potatoes. 
In otlii^r portions of the country the crops did not increase, in 
accordance with expectations. Th(^ Ministry of Agriculture 
ascrib(Ml this partial failure wdth ainmoniuru sulphate to the 
defi(uency in lime of most South African soils, and also to the 
fact that the deiicicncy of nitrogen is not so^ great as elsewhei*e. 
It is expected * that better results Vvill be obtained w ith calcium 
cyanamide. t 

At Vrijheid a kind of anthracite is gal^ified in Mond producers. 
No tar is obtained, but only gas and ammonium sul])hate, to the 
extent of 256 to 656 tons ])er month. With the exc(^])tion of a small 
])orti()ii, used for iH^ating the boilers, the gas is at present allowe^f t.o 
escape unhurnt into the air. Attempts to manufacture su]])huric 
acid from the pyrites of the Rand have not proved vc^y siiceessful. 
Proposals to develoj) ])y-product coking in the Natal difitrict on a 
large scale only assumed a more, concrete form in 1919.*'^ The Twe^e- 
font(‘in Colliery intend to |)roduee hy-[H'oducts from tluir lovver- 
grad(‘ coal.'** They do not propose to use coke ovc^ns, hut tlu^ l^ymn- 
Rambusli producer, an improved form of Mond pioducer, which 
converts the coal completely ‘ into gas and ainmoniuru sulphate, 
togetlu'r with a small quantity of other ])roducts. Since JJrlS a 
JohaniA\sl)ur^ firm has jiroduced licpiid ammonia to supply tlu^ 
home demand of South Africa. * The coal jiroduction of Natal in 
1965 was only 1,}4S,666 tons. ' ^ 

The South African Nitrate and J^)tash (Corporation was 
foundcul in 1919 w ith a cajntal of £ 1 66,666, whicVii is later to be 
increased to t'566,606, to develo]) the natural nitrate deposits 
near the Asbestos Mountains Jietween Prieska Li\d Griquatown, 
which are said to be quite^considerabku'* They yield potassium 
nitra^e^ • 

The ])hosphate rock at Skldanha Bay is being exploited by the 

^ ZtiUch.if. angtw. Chem., 1918, in., 307. 

•“ Jbid., 1919, ii., 534. ‘ 

’ Ihid.. 1920, ii., 87. • 

. < Jbid., l!>19, ii., 362, 431. 
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SaljJlios Fertiliser Company for the production of fertilisers by the 
Tromp process.^ • ^ 

The Victoria Falls and Transvaal Power Cot, Ltd., will be of 
importance in the futujre as a supplier of electricity. 

The production of .fioke and carbide is practically confined to 
British South Africa. * 

1 (Jhem. Ztg., J920, p. 172. 



CHAPTE/l XV 

The Nitrogen Industry in Asia 

« 

This industry is at present only at the beginning "of its develop- 
ment, which has so far been practically confined to Japan. 

Before the War the manufacture of fertilisers in Japan was 
relatively unimportant, and was mainly concerned with the treat- 
ment of crude phosphates. Small quantities of ammonium sulphate 
and cyanamide wore also manufactured. The imports of fertilisers 
were, on the other hand, fairly im,portant. The main imports were 
organic feeding st’alfs and fertilisers^ such as bo‘ne cake, linseed cake, 
cotton -seed cake, rice bran, bone meaJ, fish -oil cake, and so forth » 
wliich wore obtained from Manchuria, (.^Ifina, Corea and elsewhere. 
The main source of nitrcigen is human faeces, which supply a nitrogen 
content of about 260,000 tons. The import of ammonium sulphate 
was maintained during the War at an average of 80,000 to 11 9,000 
tons, which was (Jrnost exclusively purchased from England. After 
the coinmencemcnt of the War the imports gradually ceased, par- 
ticularly as eixports from England wore prohibited. Japan had 
thenifore, on the one hand, to increase its utilisation of organic 
fertilisers, but, on the other hand, it commenced to establish a 
nitrogen industry. The manufacture of ammonium sulphate in 
particular was considerably developed. In 1915 31,855 tons were 
manufactured, and in 1918 the,outi)ut capacity rose to about 70,000 
tons. As the internal consumption of ammonium sulphate v^as at 
least 80^000 to 120,000 tons per annum, a deficit pf about 50^000 toi^ 
had. to be co^rered by imports. ,Tho price of ammonium sulphate 
rose until the autumn of 1919 arjd then declined. One pikul (about 
60 kg.) cost 8-1 yen (l()S. lOd.) just before the War. In March, 
1917, it cost 13*5 yen (£1 8s. 3d.) ; in the autumn «f 1919« 31-8 yen 
(£3 Os. Od.). The production of calcium cyanamide is stated to 
average 3,000 tons per annum, according to which .figure the works 
at Osaka and Hokkaido, if fully occupied, must have converted a 
considerable quantity of calcihm cyanamide into ammonium sulpha\ie. 
The irAjforts of Chile nitrate werg 26,726 tons in 191/1, and 24,425 tons 
in 1914 ; the valae of the imports of this material was £645,000 in 
1916, £1,015,000 in 1917' and £1,180,006 in 1918. Before the War 

Japan used about 30,009 tons of ‘Chile n*itrate per annum, but pur- 

312 



JAPANESE STATISTICS 


J13 


chased 200,000 tons in 1920, in order to have a sufficient reserve for 
agricultural and industrial purposes. In 1917 a ton^of nitrate in 
Japan coi^*194 yen (£20 55.), compared with 11? yen (£12 45 . 6rf.) in 
191i 

The Japanese Ministry of Agriculture published certain statistical 
data in 1918, whicii, however, only extend to the end of 1916^ At 
the end of 1916 there were 24,335 manufacturers of fertilisers and 
45,470 dealei;^. The total production had at that time*a value of 
£6,325,000, whjph was distributed as follows : — 

£ 

Mixed fertilisers .... 1,348,000 

Animal fertilisers .... 943,000 

Vegetable fertilisers* . . 1,965,000 

Mineral fertilisers .... 2,069,000 

Total . . • . . . £6,325,000 

The imports of fertilisers valued at £3,550,lf00 in 1916 and 

£8,150,0(U) in 1917. The exports of fertilisers were considerably 
reduced ^n April, 191 5, •and still further in September, 1917, on 
account of the internal scarcity ; they had a value of £420,000 in 
1916 and £210,000 in 1917. '^he eleven largest fertiliser companies 
in^iapan produced or sold the following quantities of suj>(*r 2 )hosphate 
and other ])roducts : — 

Tons. 

In 1916 . . . . . about 452,000 

fli 1917 610,000 

In 1918 ...... ., 611,000 

First half of 1 91 9 460,000 

At the commencement of 1920 business bec^ame extraordinarily 
active on the fJapanese fertiliser market, as the purchasing power of 
the consumers was so increased by the increased ])riccs for rice and 
other foodstuffs that the quite considerable incrc'.ase in the^price of 
fertilisers could not for a time restrict the demand. The speculative 
itctivities of the dealers, wh« expected still greater price increases, 
led, however, to such large imports that at the end of the hrst q^iark^r 
of 1920 the fertiliser market in Japan was absolutely overstocked. 
During this period fel-tilisers were imported to the value of about 

85.000. 000 yen jabout £8,885,000) m6re thjin in the first quarter of 
1919, or almost as much as in the whole of 1913. From January to 
Miarch, 1920, the imports of Chile nitr^te^amounted to 8,000,000 yen 
(£835,000) ; of bean cake, 48,000,00^ yen (^*£5,015,000) ; phdfef)hates, 

4.000. 000 y-?n (£420,000) ; and ammonium^ sulphate, 11,000,(J>00 yen 
(£1,600,000). The specuhftors were disappointed in their hopes of 

* • * • 

^ ZeAtsvh. f. nnjjew, Ch?m., J918, iiiT, 534. 
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largo profits through tho sale of these large stocks, as the econpmic 

crisis# which ensued in the interval, and the flooding of tl|^^ market^ led 
to a sudden drop in prices. ^ ^ 

To avoid over-])roduction and underst^lling, the Osaka Kasaka 
Hiryb^()ojn[)any f^nd the Nippon Seiijii Seizo Company, which both 
manufacture su])erphosphates, combined to form a new company, 
the Nip])OTi,Kaf!i‘iki Hiryo Compan}^^ The new company is supplied 
with pyrites and phosphates by the Seikoku Uyusan Hiryo Company, 
wliich was founded at the same time. * 

The alkali and caustic soda. industr 3 ' tfapan was carried out 
before the War in two works, with an annual output of 5,000 tons of 
alkali ; in 11)10 there were twenty works with a production of 
150,000 tons. The condition of the alkali industry in 1919 was 
stat(‘d to be bad, in consecpienee of the decline in prices of tho 
finislKul products avd advances in thb prices of s{?lt and coal.^ 

The coal production of Ja])an was .‘10-3 million tons in 1919;^ 
a furtluT 1*1 million tons were imf)orted and 1-7 million tons exported. 
The industrial requirements of coal were l5-5 million toiv;. Coke 
manufacture play(‘d a relatively unimpprtaiit j)art until a few years 
ago ; originall^^ it was almost exclusively" carried out in bee^hiye 
ovems."’ The firs^ modern ])lant, of 21 Solvay ovens, was bftilt 
bv the Osaka Semi Kogvo Kabushiki Kaisha, of Osaka, w^hich 
(‘r('(*t(‘d 20 furflu^r ovens in 1914. The ({overnment steel works 
at Yawatainachi comiiKuiced to manufacture by-prodiioV coke in 
loOSolvav o\ens in 1 907 S. Ccnl dust is utilised in 90 Koppors 
ovens at Omuta and in a Mond gas j)lant at the Tagaw^a Colliery. 
The Mitsui bishi Ooshi Kaisha is o])erating 25 Solvay ovens at 
Tobota, and made ])lans \u 1914 for the construction of a by-pro- 
duct plant in Corea near Kenjiho, north of Seoul, using ovens of 
Cerman t\q)e. About that time the eolliery proprietor, Aso, inteAded 
to er(a*t^25 »'^olvay ovens, and the South MaMchurian liailway 
(\)mpanv intendtMi to establish a* Mond gas and gas-engine plant 
at the Kushun coaf mine. The tirfji of Mitsui established a school for 
gas technology^ at Omuta Indore the War, which was attended by 
200 ])U])ils in 1913 14. The development which liad thus been 
})repared led to a huge exjiansion of the coke oven by-product and 
ammonium sulphate indiistiy during the War, as lilis already been 
indicated . ^ ^ 

Briti|’h exports of aiqnionium sulphate to Japan amounted to 

• t 

Chtni. Zitj., liUS, in., 534. 

- Zeitbeh.*/. aiujew. (-fmn.t 1920, ii., 284. 

’ Ibid., 1919, 11., 570. ’ 

^ diem. Ztg., 1920, i/. 547. 
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108P,238 tons in 1913 and 107,795 tons in 1914. Japanese home 
production,* or^output capacity, increased from 20,000 t(f 30,000 t^ns 
in 1915, to*i0,000 tons in 1917, 70,000 tons in itllS, 83,000 tons yi 
1919,irfind 113,000 toys in 1920. The imports in 1919 were about 
50,000 tons.^ The fJtSpancse \vorks are making great efforts* to 
improve the somewfiat poor quality of their procm(*t, in order to 
prevent competition from imported material. There ^w ere 120 gas- 
works Japi^i in 1919, most of which recover their by-products. 

If the abov43-mentioned maximum output ligures arc really 
attained, the Japanese market should be self-sn})porting in a com- 
paiiJitivcly short time. The fact that the import of considerable 
quantities is still relied on ?ind that the (hnnian product is still 
sought for ^ shows how jwomising the d(n"cloj)m(Mit of » Japanese 
agricultme is lu^ld to be, and also iiidieat\"s the antiei])ation frf 
re-exports into (Jore^i and Mani^niria. Tht^ grtvit exertions which 
are continually made to devehJi) Ja})anese agricultiffe by extensive 
GovcrnmcMit su 2 )port have as an object in render .)a,i)an indef)endont 
T)f foreign countries with* regard to food supplies and certain raw 
materials, such as sugar beet, catth* food, ami so on.^ 

A ])art of the ammonium sulf)hate j)rodu(d.ion (M)m(^s from the 
cafeium cyanamide works. The Nippon Tisso Hii;\n Kabushiki 
Kaisha, of Osaka (a limited com])any for the sup])ly of nitrogenous 
fertilisers), oj)erates tlu^ Fra.nk-( Wo process, and had in 1912- 13 an 
annual oi 44 |)iit capacity of 12,000 tons of calcium cyanamide. A[)art 
from this comj)any, tlies Jaj)anese^ Electro-( ’hemical (bm])any» of 
Tokio, manufactured cyanamide in Hokkaido. For sorm^ tiim^ the 
conversion into ammonium sul])haie proved so prolitable that th(‘ 
money spent in initial experiimmts and in failures was very fully 
recovered. It was reported in 191 S t*liat threes nc‘w c*ya.namide works 
A^ertf either in course of erection or planned, for exam 2 )I(‘, licar Fukui. 
The Fler;tro-(.bemit;al Company, of Tokio, ert'cted a (carbide works 
at Fushun in 191 8, which was to ]m>duceiiot only calcium cyanamide, 
but also ammonium sulphafe.^ The sarm^ firn> intenrls to erect 
cyanamide and ammonium sul]>ha,te works in Manchuria,. 

The large Tfcmand for ammonium sul])hate, botli internally and 
abroad, for example, in Java, India, etc., (mableHl theses works to 
produce iirofitafely. In order in Ipwer (h^iestic 2 )ri(;es, a threat to 
I)rohibit the export of ammonium sul|)hatc w^as made at the com- 
mencement of 1918. The consequence w*is that the works p^ffeured 
not to nitrogenakj their carbide, bui ft) export it as such. The price 

* Chem. Zla.f 1920, ]). 171. • • 

- Zeiisch. f. angpAV. Chem., Hill), ii., 7115. 

3 Chem. Zt^:, 1920, f. 48. 

* Ibid., p. 4JQ. 
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was 380 yen (£39 1^9.) per ton. Before the War almost the whole<*^of 
the^ carbide tised in Japan was imported. In 1917, ^pwfever, there 
w^re already fifteeh carbide works with an annual pinfduction of 
26,489 tons ; in 1918 the output capacity rose, to about 32,00(V;tons. 
Although but little carbide was exported in 1\I15, almost 2,100 tons 
were ex})orted between January 1st and the end of November, 1917. 
The American^irnports have practically ceased. The export figures 
are as follows : — , * 


, Value. 


1915 

752,000 

48,200 yen 

1916 

. 2,102,000 

. . 263,300 „ 

1917 

. 5,442,000 

. . 853,800 ,, 

1918 

. 21,633,500 

. . 5,476,000 „ 

1919 . . ' . 

. 2,549,900 

. . 525,200 „ 

1920 (to February) .' 

336,600 

66,100 „ 


f f 

Tlio first JapandNc carbide works wa^ at Koriyarna, and was started 
in 1901 with a normal ju'oduction of 50 to 60 tons monthly. The 
manufacture was later undertaken by a second works at Sendai and- 
a third at Nagaoka, but the production remained small, so that the 
main recjuirements have to be covered by imports. Before the War 
the niarket was controlled by a syndicate, but after the War had 
commenced the dev(^lopment of a powerful domestic carbide industry 
was more rapid, A numla^r of power stations ere(ded carbide furnaces 
in order to utilise their ofT-peak load. This development„proved so 
satirracdory that many plants )ycre under construction in 1918.2 
Tlu^ cement works also turned to carbide manufacture. Before the 
War the production costs (»f 100 kg. of carbide in Japan were 135. 
to 15.S*. ; in 1918 they had risen to 205. to 215. Before the War 
carbide was sold at 165. to 205. per ton, whilst in 1918 it cost 
about £3 for inland consumption, and £3 195. to £4 for export. *Thfe 
main exjxu ts are to Austrfilia, the Philippines^ Java and India. 
The 'j)roduct is often inferior, containing 55 to 67 per cent, of 
])ure carbide, whikt it has to compote *on the open market with an 
80 to 85 per cent, carbide. 

The development of water power in Japan is relatively slow. In 
1919 the Taisho Suiryoku Benki Kaisha (Taisho Hydro-Electric 
Company) obtained a coRjcession Jor a power statioii of 16,000 h.p. 
at the source of the Totsugawa. The available capital was 10,000,000 
yen (£^045,000). The power station is about 220 miles distant from 
Kobe, "fl le firm of Suzuki & Co.' was erecting new irDnworks in Oita, 
Kyushv, in 1919, in wlficlirit was proposed to instal the first electric 

^ 1 kin is equ^l to 0 6 ksf. 

Vhem. Ztg.y 1918, p. 472. 
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bl»s^ furnaces in Japan. The^lant is intended to feover 14, 175 sq. m., 
and h^draftlically produced electricity will be used. TBere is a jjew 
project by*%n American aluminium company wWch intends to foyn 
a neij^ company, of which one-harf of the capital is to be Japanese,^ 
in order to acquire frjm the Government the water-power rights in 
the prefecture of Tojrama. * ^ 

In the summer of 1918 the Japanese Parliament granted a sum 
of 263,000 yey (£27,500) for carrying out experimental work on the 
nitrogen industry and more particularly on the atmospheric nitric 
acid industry. The Government built a research laboratory at 
Sugamo, near Tokio, which commenced work in the spring of 1919. 
The arc process has not ye^ been worked in Japan, nor has the 
catalytic oxidation of ammonia been seriously undertaken. On the 
other hand, J. Takamine acquired in 19f8»the working rights for 
Japan of the synthetic process of the American Chemical Company 
in order to erect a works utilij^ng this ])rocess. As* is well known, 
the process did not prove successful, and therefore no Japanese 
^ompany^was formed. •According to American information, ^ a 
company was formed under the direction of Takamine in 1919, with 
a capital of 20,000,000 yen ^£2.000,000), to operate the process in 
wlfl«h both American and Japanese financiers are interosu-J. Mtian- 
while Japanese interests approached the B.A.W.f! with a view to 
introducing the Haber-Bosch process into Jaj)an. It is also intended 
to hold aj^rge exhibition of pharmaceutical and cliemical products 
in Japan in March, 1021. A comptyiy has been formed in Kol/^»*for 
working the Claude process. 

The Societe d’Oxygene et d’Acetylene du Japon increased their 
capital in 1918 from 800,000 to 2,000,000 fr. The Japanese firm of 
Okura ® is considering tht^ erection of a large fertiliser works at Wiju 
iil Northern Corea, with a capital of 3,000,000 yen (£300,000). 
Bean cake and beaa oil are to be manufactured. * 

The import duties on dyestulfe and chemical products are to be 
considerably increased, in ofder to protect the* home industry.^ 
Hopes were entertained of exporting nitrogenous fertilisers in the 
future tolSoutlWVfrica, India, Java and other countries with the help 
of cheap electric power. The alkali industry Still exists, in spite of 
severe competition from England^ and ^i^nerica. The Japanese 
irryport statistics show increased figures for sodium cyanide, ammo- 
nium carbonate, ammonium chloride, and so on.® 

« • 

‘ 1 CJiem, Ztg., f920. p?24. 

2 Zeitach.f. angew, Chem., 1929, ii«, 92. 

* Chem. dtg., 1920, p. 143. 

« Metallb^e, 192(^p. 1280. 

* Zeitach. f. angew. Ohem., 1929, ii., 248. 



